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a new radioisotope counting system 
for biological and clinical research 


Nuclear-Chicago'’s ACTIGRAPH II —the all new 


fully automatic radio-chromatogram scanning system 


Completed chart can be placed next to strip to directly 
determine location and intensity of radioactive zones. 


The new Actigraph II is a completely rede- 

signed and improved scanning system for 

recording automatically the position and total Mall 

activity of separated radioactive zones on a i an es 

strip chromatogram. Two reels accommodate ee 

strips up to 50 feet in length allowing single UM 

short strips to be spliced end-to-end for con- et Tt HLL Tb snag 

tinuous operation without attention. A wide 

choice of detectors may now be used including 

G-M tubes, windowless gas flow counters, and 

scintillation detectors. Increased sensitivity is 

provided through improved geometry. The 

Actigraph II is available with a wide variety Typical radio- 
of chart recorders including the new “recti- chromatogram scan 
linear’ recorder. Chart and strip speeds are | made with 
easily synchronized by making identical gear | Actigraph I 
changes. For complete information write us 

and ask for “‘Nucleus #14’’. 


Sine Insliumenia- —“" S 


- nuclear - chicago 


co F FP OREN TI1Io ™ 


® 331 E. Howard Ave. Des Plaines, [Illinois 








When run in parallel with your 
unknowns, these versatile control 
serums provide a close, dependable 
check on technics, instruments 

and reagents. Both serums are prepared 
from freshly drawn human blood and 
freeze-dried to insure the stability of 
the labeled values. Both are repeatedly 
assayed by three independent 
laboratories before release; mean 
values and acceptable range 

are charted for each lot. Both are 
prepared for use simply by adding 
distilled water. And both are 

stable for five days after reconstitution 
(except for glucose ) 

when stored under refrigeration 


HYLAND 


Abnormal Clinical Chemistry 
Control Serum is available in 5 cc 
vials, in boxes of 3 vials ($5.50) or 
6 vials ($9.00). Normal Clinical 
Chemistry Control Serum is 
supplied in 5 cc vials, 6 per box, 

at $9.00 per box. 
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ABNORMAL 


clinical chemistry control serum 


containing elevated 
concentrations of 
Amylase 

Alkaline Phosphatase 
Bilirubin 


Non-Protein Nitrogen 
Protein-bound Iodine 
Phosphorus, inorganic 
*Transaminase (SGO-T ) 
Urea Nitrogen 


NORMAL 


clinical chemistry control serum 


containing normal levels of 
Albumin 

Calcium 

Chloride 

Cholesterol 

Creatinine 

Globulin 

Glucose 

Non-Protein Nitrogen 


Phosphorus, inorganic 
Potassium 
Protein-bound Iodine 
Sodium 

Total Protein 
*Transaminase (SGO-T ) 
Urea Nitrogen 

Uric Acid 
* The transaminase values in Hyland Clinical Chemistry 
Control Serums represent actual enzyme activity, completely 
controlling all procedures, including spectrophotometric. 


HYLAND LABORATORIES 
4501 Colorado Blvd., Los Angeles 39, Calif 
160 Lockwood Ave - Yonkers, N.Y. 
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TERMINATION 


with the dew -XSAIDIE> Colorimetric Method 





he, 
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For details, see Ferro-Ham article, ‘A Simple Spectrophotometric 
Method for the Determination of Caicium'’'—Technical Bulletin of the 
Registry of Medical Technologists, July, 1957. 


Eliminates visual errors... highly reproducible and accurate 


This important advancement in determination of calcium 
saves laboratory time. Based on the Ferro-Ham technique, 
later improved by the authors, the complete test takes less 
than one hour. 

Visual errors are eliminated through accurate calibrated 
readings —and the final coldr remains stable for several 
days. The method is highly reproducible. Spectrophoto- 
+ metric or colorimetric readings eliminate end point estima- 
tion errors found in titration procedures. 

Only three reagents are used and only four easy steps 
are required — 


1. Add Chlioranilic Acid Reagent to serum—let stand 
® minutes. 


2. Centrifuge precipitate — decant supernatant. 


3. Add tsopropyl Alcohol Reagent—centrifuge—decant 
supernatant. 


4. Add Versene Reagent—read color in spectrophotometer 
or colorimeter at 520 mu. 


No. 53955—Dade Calcium Determination Kit, sufficient for 
75 calcium determinations 


SGiemvwiIne |Prodnets 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES 
Regional Offices 


1210 LEON PLACE, EVANSTON, ILLINOIS 
Atlanta @ Chicago @ Columbus @ Dallas @ Kansas City @ Los Angeles @ Minneapolis © New York @ 


San Francisco @ Washington 





Kodak reports on: 


a biochemical reagent and metabolic inhibitor that transforms Salmonella... 
why the radiologists, cardiologists, urologists, internists, laryngologists, and 
neurosurgeons got together 


A deft way with ketones 


(Aminooxy)acetic Acid 
Hemihydrochloride, known 
in the biochemical literature 
as carboxymethoxylamine 
hemihydrochloride and with 
less chance for confusion as 


l 

(uato-c-c on) *HCI 

HO . 
is now going to become even 
better known as Eastman 
5336. 

Now that the great virtue 
of easy availability has been 
bestowed on this compound, 
it commands interest on sev- 
eral grounds: * 

1) The still mysterious 
transformation of bacilli and 
colonies of bacilli into the 
so-called L form—a bacterio- 
logical phenomenon being 
closely watched — has been 
shown to be induced in Sal- 
monella typhosa by this acid 
in a narrow concentration 
range (J. Bact. 59,775). 

2) Its ability to combine 
in living organisms with 
a-ketones, principally pyru- 
vate, makes it a metabolic 
inhibitor useful as a bacterio- 


*’Tis a speculation whether progress 
in these matters was advanced or re- 
tarded by Hans Thacher Clarke's 
leaving us 32 years ago to build 
Columbia University’s great Depart- 
ment of Biological Chemistry. 
(Aminooxy) acetic acid was first syn- 
thesized in Germany in 1893. It is 
astounding what a large proportion 
of all organic chemicals later found 
interesting for one reason or another 
were first synthesized in Germany in 
1893. Apparently this one, like so 
many others, just lay there in the 
literature until Professor Clarke sug- 
gested it for reaction with carbonyl 
compounds. Shortly after the sugges- 
tion proved fruitful, he and a col- 
laborator came out with an improved 
synthesis of the compound. At this 
point, had he still been heading up 
the production of Eastman Organic 
Chemicals, he would doubtless have 
added it to our list, making it con- 
veniently available to all way back 
in 1936 and thus advancing progress 
But if he hadn't quit to be a college 
professor, he'd be tied up in a lot of 
dull business routine. This would 
have retarded progress because he 
wouldn't have been sitting around 
with graduate students and research 
scholars tossing out brilliant sug- 
gestions that are still gaining momen- 
tum a quarter century later. Any- 
way, the synthesis we use for East- 
man 5336 now is not identical with 
Dr. Clarke's. A Texan who tried his 
synthesis reported she wound up 
with merely ammonium chloride un- 
less she was very careful 


static agent in preparations 
of high protein content, such 
as blood-typing serums and 
bacterial vaccines (J. Bact. 

5,1). 

3) It is useful as a reagent 
for the isolation of very 
small amounts of ketones 
from unsaponifiables such as 
cholesterol and its meta- 
bolic products (J. Biol. Chem. 
114,539). 

4) It is useful for isolation 
of a-estradiol from human 
pregnancy urine (J. Biol. 
Chem. 134,591). 

Abstracts of the latter two ana- 
lytical procedures with Eastman 
5336, or List No. 41 of some 3700 
other Eastman Organic Chemicals, 
will be furnished upon application 
to Eastman Organic Chemicals De- 
partment, Distillation Products In- 
dustries, Rochester 3, N. Y. (Divi- 
sion of Eastman Kodak Company). 
The compound itself may be or- 
dered at $3.55 for 5 grams 


Cinefluorography 

On the other side of town, 
on November 14 and 15 of 
last year, there was held the 
First Annual Symposium on 
Cinefluorography of the Uni- 
versity of Rochester School 
of Medicine and Dentistry. 

To the masses, many of 
whom may live longer or at 
least enjoy themselves more 
than if this conclave had 
never convened, it would 
have been mildly interesting 
to know that x-ray movies 
of the innards in action had 
so far advanced from a stunt 
(for TV science programs) 
to a diagnostic routine as to 
make it a subject for a con- 
vention. Very mildly inter- 
esting, on a November Satur- 
day which already offered 
the intellectual challenge. of 
picking point spreads for the 
football games. 

To the 150-odd ambitious, 
clear-eyed radiologists, car- 
diologists, urologists, intern- 
ists, laryngologists, and neu- 
rosurgeons who came from 
all over, it was far, far more 
than a chance to flee the 
daily hurly-burly for an un- 
equivocally tax-deductible 
weekend. At this time and 
place began the process of 
shaping into standard work- 
ing technique all the individ- 
ual improvisations, frustra- 
tions, and foolish pioneer 
feelings experienced late at 
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night in deserted laboratories 
by medical men coping with 
electronics, optics, photo- 
graphic sensitometry, and 
random fluctuations at the 
quantum level 

To certain elements of the 
electronics industry the sym- 
posium brought visions of a 
well-bred market for ad- 
vanced merchandise, quite 
free of the fearful depend- 
ence on military spending 
and of the fearful perils of 
appliance merchandising. If 
the electronics boys in 1953 
hadn't brought out image 
amplifiers that multiply flu- 
oroscope image intensity a 
thousandfold or more so that 
film can be exposed without 
frying patients, there would 
have been no symposium. 
Their emissaries sat un- 
abashed among the M.D.’s. 

To the University of Roch- 
ester it was a chance to be- 
come the national cine- 
fluorographic capital. It had 
become involved with the 
subject as early as 1929. To 
have one member of its radi- 
ology department such an 
expert on motion picture 
quality that he had produced 
Poe’s “The Fall of the House 
of Usher” to supra-profes- 
sional cinematic standards 
had helped enormously. We 
helped, too. 

To us, doomed by our 
charter to the endless pursuit 
of monetary gain, the sym- 
posium was important for 
stimulating sales of Kodak 
Cineflure Film, a product 
which uniquely combines ex- 
treme speed to green light 
with very high contrast. It is 
obtainable from most x-ray 
dealers. 

To Charles C Thomas, Publisher, 
Springfield, lll., the symposium pro 
vided a title he is publishing this 
month, Cinefluorography. 1 contains 
all 19 papers and the discussion 
thereof. For a free copy of a 
bibliography of cinefluorogra- 
phy, write Eastman Kodak 


Company, Medical Division, 
Rochester 4, N.Y. 


Price quoted is 
subject to change 
without notice 








CHEMISTRY OF PANCREATIC DISEASES 4) 
Harris Busch, Associate Professor of Pharmacology, 
University of Illinois College of Medicine. Doctor Busch 
unravels with great chemical clarity the deviations in the 
external secretion of pancreatic juice and its enzymes 
that lead to systemic disorders in spite of the reserve of 
pancreatic acini. Publication date November 1959 





RADIATION INJURY IN MAN: Its Chemical and 
Biological Basis, Pathogenesis and Therapy 4) Eugene 
P. Cronkite, Head, Division of Experimental Pathology 
ind Victor P. Bond, Head, Division of Microbiology 
oth of Medical Research Center, Brookhaven National 
Laboratory, l pton New York What is the level of 
permissible occupational exposure to radiation? What 
is the level to be used therapeutically in cancer? What 
are the ultimate genetic effects on mankind? These and 
hundreds of other questions. are answered in this 
momentous work Publication date November 1959 


A new venture in the American 
Lecture Series 


AMERICAN LECTURES IN 
LIVING CHEMISTRY 


jited by 
1. NEWTON KUGELMASS, M.D., Ph.D., Sc.D 
Consultant ft the Departments f Health 


und Hospitals, New York City 


was conceived by editor and publisher to herald 
the chemical revolution in clinical med.cine in 
this generation, unraveling the dynamic mechanism 
and management of many diseases that have re 
mained sta n the minds of medical men for 
three thousand years. The Series is representative 
of a substantial system of chemical medicine that 


transforms our newer chemical knowledge into 
everyday c'in'cal practice It is bold in its con 
: ception, supreme in choice of authors, stimulating 


in possibilities for research, and international in 
entif. scope 


CHEMICALS, DRUGS AND HEALTH: A Review 
of Mechanisms by Which New Chemicals Used in 
Industry, Agriculture and the Home Could Enter and 
Affect Living Tissues Sy John H. Foulger, Medical 
idviser, Toxicology and Forensic Medicine, E. 1. Du Pont 
De Nemours & Company, Wilmington, Delaware Ex 
posure to cosmetics, synthetic textiles, solvents, in 
secticides and radio-active compounds—all evaluated in 
this brilliant monograph on the dynamic aspects of both 
chemicals and drugs. Puhlication date November 1959 


BIOCHEMISTRY OF BLOOD IN HEALTH 
AND DISEASE 4y I. Newton Kugelmass. 
Coverage ranges from the unique properties of 
circulating blood which enable its diverse 
functions throughout the body, to the gamut 
of its dynamic activities in transporting all 
components, regulating tissue processes and 
defending organ integrity Lucid interpreta 
tions of blood changes in health and disease 
provide accurate chemical diagnosis in the 
cause of more effective clinical therapy. Pwub- 
lication date August 1959, 554 pp. (7x10), 
97 il., $15.75 








NEUROCHEMISTRY OF FPILEPSY: 
Seizure Mechanisms and Their Management 
by Donald B. Tower, Chief, Section of Clini- 
cal Neurochemistry, National Institute of 
Neurological Diseases and Blindness, National 
Institutes of Health, Bethesda, Maryland 
Doctor Tower transforms anticonvulsant 
therapy from empirical to rational procedures 
How the newer compounds act directly upon 
abnormally-firing meurons to correct their 
metabolism and stabilize their cellular en 
vironment. Publication date November 1959 





CHEMICAL MICROMETHODS IN CLINI- 
CAL MEDICINE 4y R. H. Wilkinson, As- 
stant Chemical Pathologist, The Hospital for 
Sick Children, London With remarkable 
simplicity the author has developed his micro- 
methods for office and _ hospital practice 
whether the immediate problem is diagnosis 
and treatment of acute or chron signs of 
malnutrition or disease. Publication date 
September 1959 








THE CHEMISTRY OF HEREDITY 4) 
Stephen Zamenhof, Associate Professor of 
Biochemistry, Columbia University College of 
Physicians and Surgeons Everyone has been 
looking for a “popular explanation of the 
chemical basis of heredity HERE IT IS 
Explains the fundamentals without wearing 
recourse to the difficult maze of organi 
chemistry, yet without sacrificing the accuracy 
of the reported findings and conclusions 
Publication date July 1959, 120 pp., 10 il 


$4.25 





THE CHEMISTRY OF LIPIDS IN HEALTH AND 
DISEASE: A Review of Our Present Knowledge of 
Lipids; Their Chemical Structure; Their Breakdown 
and Synthesis in Living Organisms; Their Place in 
Human Nutrition; and Their + eg pee gg of Met ab- 
olism in Disease by H. K. King, Sen ecture? 
Biochemistry, The University of Eivebeel, Publicati 
date November 1959 
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Acuglobin 


TRADEMARK 


HEMOGLOBIN STANDARD 
Cyanmethemoglobin 
Assay pT. mg. Hb. 

per 100 ml. 











Eliminate Laboratory 


“Washday Blues’’! 


FISHER LABORATORY 
GLASSWARE WASHER 


. J A laboratory appliance that saves time, temper and 
e Delivers Sparkling tedium—the Fisher Glassware Washer fills a real need 


in the modern laboratory for an automatic, pene 
Glassware lamb washer that cleans the most fragile ware to 


sparkling brightness. Deposits, clots, agar, precipitates, 
markings .. . all are completely removed. 
© Cuts Labor and A variety of baskets permits washing many types of 
laboratory glassware; special holders are available for 
Detergent Costs Petri dishes, pipettes, slides, funnels, etc. The Washer 
holds six fuil baskets or three pipette holders and four 
baskets. 
© Reduces Breakage For ‘“‘good housekeeping”’ made easier, learn more about 
the Fisher Glassware Washer. 


8-650 
This 8-Page 
Bulletin tells 


the story FISHER 


Details on this useful ap- 
pliance are included in Ss Cc I - N Til - i Cc 
this handy, illustrated IN THE USA. Chicago Philadelphia IN CANADA 
booklet. Write for your Boston Cleveland Pittsburgh Edmonton 
copy. Buffalo Detroit St. Louis Montreal 
120 FISHER BUILDING Charleston, W.Va. New York Washington Toronto 


America's Largest Manufacturer-Distributor of 
PITTSBURGH 19, PA. laboratory Appliances & Reagent Chemical: 
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CURRENT COMMENTS: 


Important facts concerning ‘Factor VII contamina- 
tion” and the general reliability of thromboplastin 
preparations have been collected and compiled for 
practical use in your laboratory. Based on experiments 
and extensive testing, this information clarifies many 
misconceptions regarding thromboplastins and _ their 
influence over accuracy in prothrombin time testing. 
For your free copies of the Current Comments series 
write to Laboratory Supply Division Warner-Chilcott, 
Morris Plains, N. J. 

It is the essence of common sense that reagents used 
in vital determinations should give the same answer 
from bottle to bottle, in a single box, on the same 
patient’s specimen. It is amazing that many thrombo- 
plastin products sold to the laboratories do not meet 
this most essential requirement. 

Check the uniformity of your thromboplastin by a 
simple three-vial test. 

Reconstitute three vials of Simplastin and any othe 
thromboplastin. Use a plasma from a patient in the 
therapeutic range having a prothrombin activity less 
than 20 per cent of normal (over 30 seconds). Compare 
the results for yourself. ‘Trial Simplastin for this com- 


parison will be sent on your request. 


Simplastin 


GENERAL DIAGNOSTICS owsion WARNER:  CHILCOTT ow sommes rrsne ma 
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Original Conway Apparatus 
by Gallenkamp 


THE CONWAY UNITS and apparatus hereon listed for microdif 
fusion are those described by Edward J. Conway, M.B., D.Sc 
F.R.S., Professor of Biochemistry, University College, Dublin, in his 
book Microdiffusion Analysis and Volumetric Error Additional 
references, Conway and O Malley, Biochemical Journal (1942), 36 
665. Winnick (1941) J. Biol. Chem. 141, 115; (1942) 142, 451 
461; (1942) Ind. Eng. Chem., Anal. Ed., 14, 523. They are products 
of A. Gallenkamp and Co. Ltd., London, England, and sold exclu 


sively in the United States by Standard Scientific Supply Corp. and 
through selected dealer 


and 





No. M-52053 CONWAY UNIT, No. | Dish has an outside 
liameter of 67 mm and is supplied with a 70 mm square lid 
Suitable for ammonia determinations in fluids, from 0.0001 M-52053/1 
mg. upwards; also the following determinations in blood 
body fluids, et 


Acetone Bicarbonate (Ir Alkali Reserve of Blood 
A h Bromine La Acid 
Ammonia Chloride 


Each $3.25 Dozen $36.00 Gross $396.00 


at. No. M-52053/2 CONWAY UNIT, No. 2. Outside diameter 44 
mm with 46 mm square lid Suitable for determinations of 

ood sugar Can also be applied to many other determina 
on smaller quantities than No. 1, the original units 


Reference: Biochemical Journal (1943), 37, 278. O'Malley . —_ 
Conway and Fitzgerald M-52053/2 
Each $3.50 Dozen $39.00 


CONWAY UNIT, No. 2a Dish measures 58 


mm outside diameter and is 15 mm deep. The 60 mm square 

i has a 5 mm hole drilled 17 mm central from side. Com ’ 
plete with two glass cylinders 1 x 1 cm. This unit may be 
preferred by many to the No. 2 Unit for blood sugar deter 


minations and will have its special usage in fine microcarbon 


tioxide, or bicarbonate determinations as well as many othe ® 
nicrod ffusion analyses 
\) 


Each $3.75 


Dozen $42.00 n> \ 
For description and prices of 


CONWAY BURETTES and accessories a A 
GALLENKAMP OSCILLATING TABLES 
send for Standard Bulletin $B199 
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LABORATORY 
APPARATUS 


808 BROADWAY REAGENTS 
AND 


NEW YORK 3,N.Y CHEMICALS 
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ELEVEN FEBRILE ANTIGENS 
FROM LEDERLE 


For use in the simple, quantitative, macroscopic rapid 
slide agglutination test technique of Huddleson and Abell, 
and its adaptation by Welch and Stuart, Welch and Mickle, 
and Diamond. 


Brucella Abortus Antigen Lederle 

Proteus 0X19 Antigen Lederle 

Salmonella Group A (Somatic |, II, XII) Antigen Lederle 
Salmonella Group B (Somatic |, IV, V, XII) Antigen Lederle 
Salmonella Group C (Somatic VI, Vil, VIII) Antigen Lederle 
Salmonella Group D (Somatic IX, XII) (Typhoid 0) Antigen 
Lederle 

Salmonella Group E (E;, Es, and Es) (Somatic Ill, X, XV) 
Antigen Lederle 

Paratyphoid A (Flagellar a) Antigen Lederle 

Paratyphoid B (Flagellar b, 1, 2) Antigen Lederle 
Paratyphoid C (Flagellar c, 1, 5) Antigen Lederle 

Typhoid H (Flagellar d) Antigen Lederle 


LEDERLE PRODUCTS FOR LABORATORY 


MEDICINE ARE PREPARED AND TESTED 
ACCORDING TO THE HIGHEST STANDARDS 


AGENTS FOR LABORATORY USE: BLOOD GROUPING, Rh TYP- 
ING, and ANTIHUMAN (Coombs Test) SERUMS, NIH-approved; 
BLOOD CULTURE MEDIUM; E. COLI TYPING SERUMS*; 
SALMONELLA GROUPING and TYPING SERUMS*; SHIGELLA 
GROUPING SERUMS; SYPHILIS ANTIGENS: V.D.R.L.; Kahn 
Standard, (Dr. Kahn Laboratory-approved); Laughlen Re- 
agent, (Dr. Laughlen Laboratory-approved); PASTEURELLA 
TULARENSIS TUBE ANTIGEN; VIRAL and RICKETTSIAL 
ANTIGENS. *Prepared according to CDC methods and 
standards. 


AGENTS FOR CLINICAL USE: LY MPHOGRANULOMA VENE- 
REUM SKIN TEST ANTIGEN and CONTROL; TRICHINELLA 
EXTRACT and SALINE CONTROL; TUBERCULIN PATCH TEST 
(Vollmer). 


For further information contact the Lederle representa- 
tive through your hospital pharmacy, or write: 


LEDERLE LABORATORIES DIVISION 
AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 


4 ’ 
q 
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7 of the 912 NEW PYREX: lab items... 


4 to save you time; 3 to cut costs 


1261 CENTRIFUGE BOTTLES. These new bottles 
offer maximum safety and efficiency in handling 
sputum. Sealed screw cap prevents escape of aero- 
sols. Rugged Pyrex brand glass lets you sterilize 
repeatedly without deterioration. Fits standard 
centrifuge equipment. Heavy wall permits rapid 
acceleration to RPM required for more rapid tech- 
niques. Capacity: 200 ml. 

4991 “T” CULTURE FLASKS. The inclusion of 
extremely flat surfaces provides the optical quality 
you need for effective microscopic study. These 
flasks have sloped shoulders for ease in cleaning. 
In the following sizes: T 15, T 30, T 60. 


4450 TRYPSINIZING FLASKS. Designed for quick 
trypsinization — automatic or continuous — because 
the four baffles provide excellent turbulence and 
cavitation. Curved bottom for efficient stirring has 
perforations to pass suspension into reservoir. Two 
sizes: 500 and 1000 ml. Also available with ¥ 
closure and in models suited to batch operation. 


2122 PYREX ACCU-RED BURETTES. Priced at 
38% less than Class A ware, these are still very 
accurate. For example tolerance is + 0.06 ml on 
the 25 ml size. Very readable red markings are 
part of the glass, last as long as the glass itself. 
Made from Pyrex brand glass No. 7740 that re- 
sits most acids and alkalies and stands up to re- 
peated cleanings. In 10, 25, 50, and 100 ml sizes. 


9833 TISSUE CULTURE TUBES. These tubes have 


two windows facing each other for passing light 


through flat rather than curved surfaces. This elim- 
inates distortion, makes your photography and 
micrography more effective and saves you time. 
Complete with screw cap in one size—16 x 160 mm. 
7098 PYREX MICRO-LITER PIPETTES. Capacity 
markings are in big, durable, block letters for 
quick identification. Volume indicator is a very 
fine line. Safety bulb prevents liquids from rising 
too rapidly. Rugged and accurate, you can get 18 
sizes, from 1 to 500 microliters. 

8070 CENTRIFUGE TUBES. For handling a wide 
variety of standard tests (haemoglobin, prothrom- 
bin time determination, and such) these tubes make 
a sound investment because they are priced very 
low. Engraved, white filled markings are easy to 
read and placed at 5 ml intervals only. These tubes 
are precision made with uniform walls and conical 
beaded rim. They will stay clear under repeated 
sterilization. Three sizes, 5, 10, and 15 ml. 


These are among the 912 NEW Pyrex brand 
glass lab items now listed in Supplement No. 3 to 
our full-line catalog, LG-1. You can get full details 
on quantity discounts — and delivery —from your 
usual source of supply. Or send for LG-1 and/or 
Supplement No. 3. Write to us at 82 Crystal Street, 
Corning, N. Y. 


¥ CORNING GLASS WORKS 


CORNING MEANS RESEARCH IN GLASS 


PYREx* laboratory ware ... the tested tool of modern research 
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TO SOLVE YOUR FLUID-DISPENSING PROBLEMS.. 


yoaagg BREWER AUTOMATIC 
ooeoee PIPETTING MACHINES 


a a Fy 4 & ... AUTOMATIC TRANSFER OF ACCURATELY MEASURED REPEAT VOLUMES 
These versatile machines dispense measured volumes of a wide 
\ variety of fluids automatically, eliminating tedious hand pipet- 
4 & Q é ting and saving many valuable hours in laboratory and industrial 
procedures. 


@ 4 4 a THE BREWER AUTOMATIC PIPETTING MACHINES ARE SIMPLE TO OPERATE 
@ FS) Trouble-free mechanical controls assure precise volume adjust- 
ment and direct, positive speed regulation for instant adaptation 


a $ r’ 4 4 d to your changing needs. 


THE BREWER AUTOMATIC PIPETTING MACHINES ARE FLEXIBLE 

In addition to aqueous solutions, suspensions and fluids of high 
viscosity can be accommodated. The machines are particularly 
valuable where aseptic handling is required —all liquid-contacting 
parts are readily removed for cleaning and sterilization. 


A MODEL FOR EVERY NEED 

Five basic machines are available for a variety of applications. 

Interchangeable accessories further adapt a machine to meet 

your particular requirements. The Brewer Automatic Pipetting 

Machines have found world-wide application in science and 

industry : 

pharmaceutical _for aseptic filling of ampules and vials with medicinals 

cosmetic —for dispensing oil, perfumes and lotions into small-necked 
bottles 

laboratory —for pipetting serological, chemical and other reagents, dis- 
pensing culture media 

research —as an infusion pump and for rapid inoculation of large num- 
bers of small animals 

packaging —in commercial procedures for dispensing oils, lacquers, and 
aqueous preparations 


Write for descriptive folder PMG-No. 3 


GBB BALTIMORE BIOLOGICAL LABORATORY, INC. 


BALTIMORE 18, MARYLAND 
A DIVISION OF BECTON, DICKINSON AND COMPANY 


B-B-L-AND BREWER ARE TRADEMARKS. 





Paragon Stains Paramount Quality 


Tested and proven stains of the very highest quality 


Paragon special stains are stable, fresh and ready instantly when 
special staining is required 


OIL RED O FAT STAIN—PARAGON 


For brilliant red fat stains on frozen sections, fecal smears, etc., of startling intensity 
unsurpassed by any other method. There is no loss of fat during staining. The technic 
is rapid and not critical. Polyethylene Glycol is required in the staining technic. 


PS1266 Oil Red O Fat Stain—Paragon Bottle (100 cc) $2.15 
PS$1268 Polyethylene Glycol—Paragon, U.S.P. Bottle (250 cc) 1.20 
MUCICARMINE STAIN COMPOUND—PARAGON 


is a powdered stain instantly soluble in 50% alcohol to prepare Mayer's Mucicarmine 
stain for mucin. No Heating. No Filtering. Stable. Each gram makes 50 cc of stain- 
ing solution 


PS1501 Mucicarmine Stain Compound—Paragon Bottle (10 grams) 1.75 


BEST’S CARMINE STAIN COMPOUND—PARAGON 


is a dry powder requiring only the addition of ammonia and methyl alcohol to prepare 
the working solution for the staining of glycogen in paraffin sections and cytological 
smears. Dissolves readily. No Heating. No Filtering. No Ageing. Ready at once. 


PS1505 Best’s Carmine Stain Compound—Paragon Bottle (25 grams) 2.75 


GIEMSA STAIN—PARAGON (Stock Stain Solution) 


Carefully prepared, stable, ready to use, economical. 
One cc makes 50 cc working stain. Ideal for blood and bone marrow as well as 
malarial and blood parasites. 


PS1160 Giemsa Stain—Paragon Bottle ( 25 cc) 1.00 
PS1161 Giemsa Stain—Paragon Bottle (100 cc) 2.75 


PARAGON BUFFER SOLUTION FOR GIEMSA STAIN 


Ready to use buffer solutions which adjust the Giemsa working stain to the optimum 
pH for proper staining. For blood and bone marrow use pH 6.5; for malaria and 
protozoa use pH 6.8. 


PS1165 Paragon Buffer Solution For Giemsa Stain pH 6. Bottle (100 cc) 1.00 
PS1166 Paragon Buffer Solution For Giemsa Stain pH 6. Bottle (250 cc) 1.50 
PS1168 Paragon Buffer Solution For Giemsa Stain pH 6. Bottle (100 cc) 1.00 
PS1169 Paragon Buffer Solution For Giemsa Stain pH 6. Bottle (250 cc) 1.50 


Write for catalogs 957A & 957B for more detailed information 
and staining technics 


All prices F. O. B. New York, New York, subject to 
change without notice 


Manufactured exclusively by 


PARAGON C. & C. CO. INC. 


2540 Belmont Avenue, New York 58, New York 
Cable address: Wijeno, New York 
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now 


a 
classroom 
microscope 
combining 
LEITZ quality 


and 
economy 


A new Leitz microscope embodying precision, ease of operation, ruggedness and economy, the 
Model “G” is ideal for use in high school and university science classes, A top-quality student 
microscope designed to give optimum durability and the highest optical performance, the 
Model “G” will deliver trouble-free service through many years of student handling. Recognizing 
the need for a moderately priced student microscope with no compromise in quality, Leitz put its 
110 years of experience in microscope manufacture into the development of the Model “G.” Here 
is a Leitz precision instrument that will more than meet the requirements of your students. 


new LEITZ model “G” microscope 


¢ solid stand with wide eyepiece tube, and inclining arm which positions anywhere between vertical and 
horizontal « coarse and fine focusing, and built-in device to prevent damage to slides * dustproof revolv- 
ing nosepiece accepts three objectives, features ball-bearing track with permanent pre-centering « object 
stage, 114 x 114mm square, has two stage clips to hold slide « substage holds single-lens interchangeable 
condenser +65 with iris diaphragm, filter holder, ground glass and blue filters « plane and concave mirror 
can be exchanged for lamp (optional) « Huygens-type eyepiece with initial magnification of 10x « standard 
Leitz Achromats of low, medium and high magnifications provided as objectives according to require- 
ments « fitted cabinets and leatherette carrying cases optional. 

Leitz Model “G” Microscope with two achromatic objectives (as shown) and plastic cover $1 78.00 


E.LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16. N.¥V 
Oistr butors of he w 4 far s products of 
Ernst Leitz G m.b.wH Wetziar. ¢ 


LEICA CAMERAS - LENSES 


ermany-—Ernst Leitz Canada Ltd 
MICROSCOPES - BINOCULARS 
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ENROLL NOW WITH 
THIS COUPON.... 


FIRST ISSUE: January 1960 


CLINICAL PHARMACOLOGY AND THERAPEUTICS will publish 
objective and authoritative papers dealing with the evaluation 
of the effects of drugs in man. It will present comprehensive 
papers on new drugs and critical re-evaluations of old ones. 

It will include editorials, symposia, reviews and a 
correspondence section for informal reports. It will also offer 
brief commentaries on new pharmaceuticals as they are 
introduced, with advice and prognostications of authorities, 
as unbiased guides to their use before extensive clinical 
experience is available. 


Papers to Appear in Early Issues: 


The Actions and Uses of Anthelmintics . . . The Respiratory 
and Circulatory Effects of Opiates and Narcotic Antagonists 
... The Pharmacologic Basis of the Choice and Use of Drugs 
in Myasthenia Gravis... The Present Status of Anabolic 
Agents ... The Actions and Uses of Hypoglycemic Agents. . . 
The Mechanism of Action of Diuretics in Hypertension . . . 


.. The Reliability of Reports 
. Experimentation with New 


The Newer Drugs in Amebiasis . 
on Drug Evaluations in Man. . 
Drugs on Man: A Symposium . . . Pharmacology of Muscle 
Relaxants in Man 


THE C. V. MOSBY COMPANY, 3207 Washington Boulevard, St. Louis 3, Missouri 
Dear Sirs: 
Enroll me as a Charter Subscriber to CLINICAL PHARMACOLOGY AND 
THERAPEUTICS. Send the first two issues free. Bill me for $12.50 (Canada & 
Latin America, $13.00; elsewhere, $13.50) for the next six bimonthly issues. 

} I'm enclosing my check for $ 

(Attach your check; receive 3 issues free!) 
}] | am in General Practice 0 | specialize in 
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For Better 
Microtome Knife 
Maintenance e Sharpener produces perfect 


edges in less than 5 minutes. 
e Micro-Stropper reduces 


Aloe Precision sharpening and grinding 


requirements—increases knife life. 


« 
Flectric Sharpener Three stick abrasives are 
furnished with sharpener for specific 
and type knife edges. No mess involved 

as with water abrasives. Sharpener 

. provides keener, longer lasting 

M icra is Stropper cutting edges and maintains 

original knife bevel. Stropper 
assures perfectly straight, uniform 


edge every time. Together, 
sharpener and stropper offer the 
ideal knife maintenance assembly 
at a price below that of most 
sharpeners alone. 

Complete information sent on request. 


Write or call us today. 


aeloe scientific | ‘ly stockes 
divisions 
coast to 
General Offices: 5655 Kingsbury, St. Louis 12, Mo. coast 


DIVISION OF THE BRUNSWICK-BALKE-COLLENDER COMPANY 


OUR 100th YEAR 
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Complete kit for collecting, 
preparing and transporting 
Cytology slides. 


Compact . . . complete! Kit contains complete 
materials for preparation and transport of cancer 
screening Cytology slides. 


Each kit contains— 


CYTO-SLIDES—precleaned 3 x 1 micro slides—two for 
each Cyto-Mailer. 





CYTO-SPATULA— molded of hi-impact plastic, biopsy tip 
on each end. One conforms to cervix, the other to the 
canal. 





CYTO-TAGS—=mailing data cards—space for complete 
history and biopsy instructions. Merely address, fold over 
and mail. 





CYTO - FIXER—-special alcoholic formula with added 
propylene glycol in polyethylene bottle. Glycol coats slide 
after decanting fixative, prevents drying. 





CYTO - MAILER—flip-top Cyto-Mailer—durably molded. 
Use as combination fixing dish and slide mailer. 





Investigate the time-saving convenience ... the 
accuracy and other advantages offered by Cyto-Kits. 


‘LAB See your laboratory supply dealer . . . today! 








PLASTICS 7 
NEK LAB-TEK PLASTICS CO. 


39 East Burlington St. ° Westmont, Illinois 
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URIC ACID? 


USE 


URICASE LEO 


highly purified, lyophylized and stable 
enzyme preparation 





SPECIFIC, RAPID AND ECONOMICAL 


FOR 


quantitative microdetermination of uric acid in blood, urine, spinal fluid, and 


other biological liquids. 


Experimental technique according to Kalckar and Pretorius (Kalckar, H. 
M.: Differential spectrophotometry of purine compounds by means of specific 
enzymes. J. Biol. Chem. 167, 429, 1947—Pretorius, E.: An enzymatic 
method for the determination of uric acid by ultraviolet spectrophotometry. 
Scandinav. J. Clin. Lab. Invest. 1, 


LEO PHARMACEUTICAL PRODUCTS 


BALLERUP DENMARK 


Exclusive Agents for U.S.A. HENLEY, 202 £. 44 St. New York 17, N.Y. 
HENLEY & CO. INC. Gentlemen: Please send URICASE LEO 
202 EAST 44th St. samples & literature to: 

NEW YORK 17, N.Y. | 2% 


TEL: YUkon 6-5544 | Ades 
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A New Member for 
The World’s Finest 


Analytical Team 


. . adds the science of fluorimetry to the 
scope of the Medical and Clinical laboratory 


The Coleman Electronic Photofluorometer is a direct-reading, line- 
operated instrument for the precise analysis of vitamins, estrogens, 
steroids, catecholamines, porphyrins and other physiological fluid com- 
ponents of interest to medical science. 


The Photofluorometer can be used independently for routine analysis 
. or its sensitivity can be extended far into the range of trace- 


analysis by integrating it with a Coleman Junior or Universal Spectro- 
photometer. 


Like the Coleman instruments you already know, the Photofluorometer 
is easy to use . . . easy on the budget, and de- 

livers analytical data with the faithful depend- 

ability you need in a clinical instrument. /] 


/ 


Write for new procedure T-147 “Total Catecholamines 
in Urine.” For full data on the Photofluorometer, ask 
for Bulletin B-245. 


COLEMAN INSTRUMENTS INC., DEPT. E, MAYWOOD, ILLINOIS 
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In the Laboratory ... where optical quality counts 


... the trend is to UNITRON Microscopes 


BINOCULAR 
PHASE CONTRAST 
BMPE $490 





BINOCULAR 
INVERTED 
Fey BMIC $609 
= Polaroid Land Camera 
Attachment 
sus 


BINOCULAR 
AUTO-ILLUMINATION 
BMLU $425 









*) 
ak 
a een 
_ a op MICROSCOPE 
ie LAMP 
is $14.75 
“£9 





UNITRON offers an extensive line of Laboratory Micro 
scopes & Accessories for Research, Industry and Education UN/ 7 PR ON 
Illustrated is a .partial selection for | 
INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO 
204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 


sTielleleh Mul te lla lm 
chemistry and related fields. UNITRON also has companion 
instruments for the metalworking industries | 


Noted for optical quality (ole hfolale te Me) ohileel molars Mul tairels) 


ical design unique and convenient operational features 


long wearing construction ohiigela ihm oltlelel im olara 
which include basic optics these, together with years of 
proven instrument performance, are the reasons why 


\ THE TREND IS TO UNITRON! 


Please rush UNITRON’s Microscope Catalog 27-U 


Nome 


Compeny 


Address 


City. 





od 


. we could put five years 


right here 
in this 


wasted 


How many microslides do you average a day? Fifty, maybe? 


A Lab-aid stack only 19” square and about five feet high 
would keep five years’ output right at your fingertips. 


That's because Lab-aid design gives you 45% more capacity, 
inch for inch, than conventional filing units. Think of it . . . 

a single unit section only five inches high, compact enough 

to fit handily on a desk top, will hold 6500 slides! 


And that's not all . . . by interchanging different drawer sizes 
1”, 2”, and 4”, you can file Kodachromes, lantern slides, and 
index cards in the same cabinet. Other special-purpose 
cabinets (same basic dimensions so they all stack together) 

let you file fresh slides flat in spread-out trays, or file 

paraffin blocks in shallow drawers. 


The beauty of it all is that you get all these advantages 
at no greater filing cost-per-slide than ordinary cabinets. 


Bulletin No. 141-56 tells the story. Let us send it to you. 


THE TECHNICON COMPANY, CHAUNCEY, N. Y. 
laboratory filing system 





Microscopic Mounting 


H-F- 

Flurol 
H-S-R 
H-1-O 


H-E-M 


and Embedding Media 


HARLECO FLUORESCENCE MOUNTANT 


A permanent medium for FLUORESCENT MICROSCOPY incorporating 
a methacrylate base in toluene solution. 


HARLECO FLUORESCENCE OIL MOUNTANT 


A mineral oil medium of suitable viscosity for temporary mounts in 
FLUORESCENT MICROSCOPY. 


HARLECO SYNTHETIC RESIN 


A superior synthetic resin for permanent specimen mounts. This prod- 
uct has largely replaced the use of time-honored Canada Balsam. 


HARLECO IMMERSION OIL 


A compounded oil with refractive index similar to cedarwood oil. It is 
water-white and non-drying. 


HARLECO WATER-SOLUBLE EMBEDDING MEDIUM 


A water-soluble ''Carbowax" mixture intended for the rapid tissue 
technic in examination of fresh tissue. 


Pa raffi n Wax REFINED FOR EMBEDDING 


Molded in % pound rectangular blocks, four to the package. In 25# 
shipping cartons for storage. Melting Range 54.5-56.0°C. Also fur- 
nished in two grades of lower melting range, medium hard 51.5-54.0°C. 
and soft 49.0-51.0°C. 


All of the above products are of the same fine quality as the 
many other preparations for the laboratory under the Harleco 
Brand. General catalog will be sent upon request. 


HAarlece Products are avaclalle of your preferred supfity house 


HARLECO 
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Paragon Stains Paramount Quality 
Teshed and proven stains of the very highest quality 


PAPANICOLAOU STAINS—PARAGON 


EA-36 EA-65 OG-6 
Harris Hematoxylin (modified) 


Papanicolaou Stains prepared according to the original formulae for the 
cytological diagnosis of cancer by means of the smear technic. 

These stains conform to Paragon’s rigid standard of excellence in every 
way at a modest cost that renders preparation by the laboratory technician 


STABLE READY TO USE 
Each lot of stain is tested against smears in our laboratories for correct 
differential staining, color balance and transparency. 


PAPANICOLAOU STAIN—PARAGON EA-36 
lor general staining of vaginal and cervical smears and in endocrine 
studies. 

PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastric and 
pleural fluids, ete. Similar to EA-36 but yielding better differentiation 
in the presence of mucus. 

PAPANICOLAOU STAIN—PARAGON OG-6 
The Orange G stain for use with EA-36 and EA-65 in the Papanicolaou 
technic. 

HARRIS HEMATOXYLIN—PARAGON (modified) 

‘or Papanicolaou Staining 
A modified ready to use Harris Hematoxylin Stain specially formulated 
for Papanicolaou staining. It yields a sharp blue nuclear stain with no 
staining of the cytoplasm. 

PAPANICOLAOU STAINS—PARAGON are packed in two convenient sizes 
only, a 250 e.e. and a 500 e¢.e. bottle. 


500 c.c. 250 c.c. 
Name Catalog No. Bottle Bottle 


HARRIS HEMATOXYLIN—PARAGON (modified) PS1281 $2.25 
For Papanicolaou Staining PS1291 $1.50 
PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 3.85 

PS1292 2.35 
PAPANICOLAOU STAIN—PARAGON EA-65 PS1283 

PS1293 
PAPANICOLAOU STAIN—PARAGON OG-6 PS1284 f 

PS1294 2.00 
Write for catalogs 957A & 957B fully describing Paragon Staining Solutions, Chemical 

Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories 
All prices F.O.B. New York, New York, subject to change without notice. 
Manufactured exclusively by 


PARAGON C. & C. CO., INC., 2540 Belmont Ave., New York 58, N.Y. 


Cable address: Wijeno, New York 
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SANBORN 


RESEARCH RECORDING SYSTEMS 


give you a wide choice in 


PHENOMENA 
TO BE MEASURED 


INTERCHANGEABLE PLUG-IN PRE- 
AMPLIFIERS used with Sanborn trans- 
ducers and other sensing devices let you 
record ECG’s (adult, fetal, small animal) e 
EEG’s e phonocardiograms e pressures ¢ 
linear displacements e temperatures e myo- 
grams © pneumograms e sphygmograms e 
gas analyses e dye dilution studies e ballis- 
tocardiograms e other phenomena. 


“EXPANDABILITY" 


NUMBER OF CHANNELS — start with 
any number and add channels up to a total 
of 8 as your needs expand. VISUAL 
MONITORING — optional original or add- 
later units include Viso-Scope (oscillo- 
scope), electronic switch (for simultaneous 
viewing of up to 4 channels), and vector 
timer. 


RECORDING METHOD 


500 CPS RESPONSE in photographic 550M 
System, with entire 15 cm. chart width 
available to each beam. INKLESS, DIRECT 
WRITING in 350M and 150M systems. Easy- 
to-interpret rectangular coordinates , . . 120 
cps response . . . 9 electrically controlled 
chart speeds. 


For complete information call the nearby ity SANBORN 
Sanborn Branch Office or Service Agency COMPAN Y 


—or write Inquiry Director, Medical Di- 


a8 “ : MEDICAL DIVISION 
vision for the 42-page Biophysical Catalog. 


175 Wyman Street, Waltham 54, Mass. 
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MAGNETIC - 
STIRRING 
BAR 




















A refinement of the “fine bore’? type Van 
Slyke Volumetric Apparatus, combining the 
accuracy of the original precision model with 
the convenience and simplicity of magnetic 
agitation and a built-in timer. 

Reagents are agitated within a stationary 
burette by a small, plastic-coated, magnetic 
stirring bar, providing excellent mixing action 
and eliminating the need for oscillating the 
burette assembly. The stirring bar remains in 
the bulb of the burette and has no effect on 
measured volume. 

Recommended for the determination of all 
the blood gases in 1 ml] samples, or when it is 
essential to keep the error in CO, determina- 
tions below 0.5 volume per cent, or below 0.25 
in oxygen determinations. 

The Magne-Matie Control Unit contains 
an automatic interval timer and supports the 
water jacketed burette, which is simply but 
firmly held by a spring clip and is readily 
removable. Current model has been improved 
to ensure positive retention of stirring bar in 


ARTHUR H. 


A.H.T.CO. 
L.Avonarony apparatus ] 
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More and more laboratories rely on “— 


VOLUMETRIC 


APPARATUS 


Stationary vertical burette 
Corrosion resistant 


Built-in timer 


the extraction chamber. A standard spherical 
ball-and-socket ground glass joint between 
burette and lower stopcock simplifies assem- 
bly or removal, and facilitates cleaning. The 
burette is always vertical for accurate read- 
ing. The stationary, graduated filling cup at 
the top can be used at any time. 

Other features include: corrosion resistant 
finish, greater compactness and portability, 
lighter weight, centralized controls, variable 
speed stirring, Stainless steel tray-type base 
for retaining spillage, nickel plated brass 
handle for leveling bulb, and precisely cali- 
brated glassware with ball-and-socket ground 
glass joint. 


3586-C. Precision Volumetric Blood Gas 
Apparatus, Thomas-Van Slyke, Magne-Matic 
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ATYL aleohol, the monoglycerol ether of n-octadecyl alcohol, was reported 

by Sandler’ in 1949 to be capable of stimulating erythropoiesis in normal 
and benzene-treated rats and in normal human subjects. The glyceryl ethers 
have also been implicated in leukopoiesis and thrombopoiesis,?° and their ap- 
parent importance as biologically active substances has been emphasized by 
discoveries of their wide distribution in nature.® Recent studies in our labora- 
tories have confirmed the erythropoietic and thrombopoietie activity of baty] 
aleohol.* Normal rats given daily injections of either 12.5 or 25.0 mg. of baty] 
alcohol in peanut oil developed erythrocytosis due to the production of 
microcytes with decreased osmotie resistance, reticulocytosis, and myeloid 
erythrocytic hyperplasia without associated augmentation in circulating 


hemoglobin or red cell ass; a response which has otherwise been observed 


only following the administration of the thermostable, ether-soluble plasma 
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erythropoietic factor.* *° Thrombocytosis was also evident in these recipients 
of batyl aleohol, but they did not manifest consistent or significant increases 
in their leukocyte counts. It is the purpose of this report to describe observa- 
tions on the hemopoietic effects of larger doses of batyl alcohol, especially 
in regard to its granulocytic stimulatory activity. 


MATERIALS AND METHODS 


Ten normal Wistar strain rats were given 15 daily 50 mg. doses of a 10 per cent 
suspension in distilled water of racemic batyl aleohol* over a period of 3 weeks, via gastric 
intubation. A similar number of animals received comparable amounts of distilled water 
by the same route. Hemoglobins determined by the cyanmethemoglobin technique, micro 
hematocrits, hemacytometer erythrocyte and leukocyte counts, reticulocytes per 1,000 erythro 
cytes enumerated on dried brilliant cresyl blue coverslip films counterstained with Wright’s 
stain, absolute numbers of the various leukocytic elements derived from 200 cell differential 
counts, and platelets counted by phase microscopy comprised the hematologic studies per 
formed in these animals. All values were obtained prior to treatment and every 7 days there 
after with the exception of the reticulocytes which were counted twice weekly. 

At the end of the 3-week treatment period, 5 rats in each group were killed and femoral 
marrow was examined utilizing a technique previously described.1° The remaining animals 
were observed for an additional 2 weeks to ascertain the rapidity of return to normal hemic 
equilibrium. 

The effect of batyl alcohol on the incorporation of iron5® in hemoglobin was studied 
in each of two groups of 4 rats conditioned by starvation and hypophysectomy, respectively. 
Following 3 daily 25 mg. injections of batyl alcohol, iron5® was given intravenously to these 
recipients, and the per cent uptake by the circulating erythrocytes was determined 24 hours 
later. The uptake of iron5® by in vitro marrow cultures was used as an additional method!!, 12 
to evaluate the erythropoietic activity of batyl alcohol. Normal rat marrow cells were 
suspended in Eagle’s solution (60,000 cells per cubic millimeter) and 0.7 ml. introduced into 
each of a series of tubes together with 0.3 ml. of normal serum, 0.6 ml. of Eagle’s solution, 
and 0.1 ml. (2 we) of iron5® globulin complex. The total volume in each tube was brought 
to 2.0 ml. by the addition of 0.3 ml. of either batyl alcohol in saline (25 mg. per milliliter), 
batyl aleohol in peanut oil (6.25 mg. per milliliter), “anemic” serum, or normal serum. The 
uptake of iron5® by the cells contained in each tube was determined after they had been in 
eubated for 20 hours. 


RESULTS 
The hematologic responses in normal rats subsequent to orally administered 
hatyl aleohol were characterized by erythrocytosis and reticulocytosis without 
change in hemoglobins or hematocrits and by thrombocytosis and leukoeytosis 


(Figs. 1 and 2 and Table I). The small cells responsible for the erythro- 
cytosis were easily discerned on stained films and demonstrable graphically by 
Price-Jones measurements. The leukocytosis in the recipients of baty] alcohol 
was due chiefly to a relative and absolute neutrophilia (Table IT). Lympho- 
cytes, monocytes, and eosinophils were slightly increased but to a much lesser 
degree than were the neutrophils. 


Hyperplasia of erythrocytic and granulocytic myeloid elements was evident 
at the end of the treatment period in the animals receiving batyl aleohol (Fig. 
3), and increased mitotie activity was noted in both of these cell series. 
Megakaryocytes were also present in greater than normal numbers. 


*The synthetic batyl alcohol used in this study was kindly supplied by George A. Breon 
im © 


& Company, New York, 
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All values in the rats not killed for marrow studies returned promptly 
to normal baseline and control levels after the batyl alcohol was discontinued 
(Figs. 1 and 2). The explanation for the drop in circulating red cell mass one 
week after treatment was stopped and the return to normal 7 days later is 


not apparent. Since it was not accompanied by a corresponding decrease in 
the hemoglobin level and has not been a consistent observation in other 
animals given batyl alcohol nor in all rats in this group, it most likely repre- 
sents a fortuitous finding of doubtful significance. 


Erythrocytes Reticulocytes 
(millions per cu. mm.) (per cent of erythrocytes) 





oS Twa ws 
Days 


Hemoglobin Hematocrit 
(grams per cent) (volumes per cent) 








14 21” 
Days 
*Treatment discontinued eo Baty! alcohol 
e---* Controls 
Fig. 1.—Erythrocytosis and reticulocytosis without increases in hemoglobin or hematocrit 


levels in normal rats given daily 50 mg. doses of batyl alcohol orally. Average determinations 
of 10 animals in each group. 
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Fig. 2.—-Thrombocytosis and leukocytosis in recipients of batyl alcohol. The increase in 
leukocytes was due largely to a relative and absolute neutrophilia Average counts of 10 
rats in each group. 
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The determinations in the control group were constant throughout. All 
animals remained healthy and demonstrated no untoward reactions from the 
batyl alcohol or repeated gastric intubations. 
TABLE I, STANDARD DEVIATIONS IN THE ERYTHROCYTE, THROMBOCYTE, LEUKOCYTE, AND 
RETICULOCYTE COUNTS 
BASE LINE| 3 WEEKS 
DETERMINATION GROUP MEAN 5. D. MEAN 8. D. 
R.B.C, x 106 3atyl alcohol 6.68 0.48 8.42 0.44 
Controls 6.49 0.33 6.39 0.30 
Platelets x 10 Batyl alcohol 0.677 0.091 0.896 0.090 


Controls 0.608 0.646 0.099 


W.B.C, x 10 Batyl aleohol 


Controls 


1.8 1.4 19.1 
g 


9. 7 
12.9 mY 


1 
13. 


Reticulocytes o) jatyl aleohol 4.6 oe S.4 1.1 
Controls 4.6 Ze 4.3 0.7 


TABLE II, CIRCULATING NUCLEATED CELLS PER CUBIC MILLIMETER (AVERAGE DETERMINATIONS 
or 10 Rats IN EACH GROUP) 


BATYL ALCOHOI CONTROLS 
CELL TYP! BASE LINE 3 WEEKS BASE LINE 3 WEEKS 
Total leukocytes 11,800 19,100 13,800 12,900 
Neutrophils 1,128 5,262 1,704 1,805 
Lymphocytes 10,167 13,033 11,525 10,491 
Monocytes 323 598 388 283 
Eosinophils j 401 96 137 


sasophils 4 26 53 23 


TABLE IIT. Fatture or Barynt ALconon (25 mMe./Day ror 3 Days) TO ENHANCE THE INCOR- 
PORATION OF ITRON59 IN HEMOGLOBIN OF RECIPIENT RATS (AVERAGE DETERMINATIONS OF 
4 ANIMALS IN EAcuH Group + 1 8. D.) 


PER CENT IRON5® R.B.C. UPTAKE AT 24 HOURS 
'YPE OF RECIPIENTS NORMAL SERUM BATYL ALCOHOL “ANEMIC” SERUM 
t-day starved rats 6.6 + 2. 6.5 + 1.6 19.9 + 7.4 
14-day posthypophysectomized rats 2.5 of 3.1 = 22 10.9 + 4.6 


TABLE IV. Faruure or Baty. ALCOHOL TO ENHANCE THE UPTAKE OF IRONS? By IN VITRO 
CULTURES OF NORMAL Rat MARROW CELLS (AVERAGE DETERMINATIONS OF 4 TUBES 
Witu Eacu Test SuBSTANCE + 1 S. D.) 


PER CENT IRON59 MARROW CELI 
rEST SUBSTANCE UPTAKE AT 20 HOURS 
Batyl aleohol in saline Lg = @, 
Jatyl aleohol in peanut oil 0.9 + 0. 
Normal serum 0.9 + 0.4 
“Anemie” serum 5.8 + 1.0 


9 
o 
9° 


Batyl alcohol, which failed to augment the hemoglobin and hematocrit 
levels of recipient rats (Fig. 1), was also ineffectual in enhancing the in- 
corporation of iron®® in hemoglobin. As shown in Table IIT, the erythrocyte 
uptake of iron’ in rats given batyl alcohol was comparable to that observed 
in animals injected with normal serum whereas ‘‘anemic’’ serum was unques- 
tionably active. Studies which utilized the uptake of iron®® by in vitro 
cultures of normal rat marrow cells yielded similar data (Table IV). 
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DISCUSSION 


The experimental observations described herein support the theory that 
batyl aleohol stimulates erythroblastie cellular division in the normal rat without 
augmenting hemoglobin synthesis. In addition, they confirm its thrombo- 
cytosis-promoting effect and granulocytic stimulatory activity. The data sug- 
gest that batyl aleohol may also influence other leukocytie elements. Adminis- 
tration by the oral route is shown to be effective. Larger amounts of baty] 
alcohol are apparently required to evoke leukocytosis in recipient animals than 
are needed to exert detectable erythropoietic and thrombopoietic activity. This 
relationship between dosage of batyl alcohol and the tvpe and degree of 
response’ probably explains some of the negative results which have been re- 
ported. 


3 Granulocytic elements 


[) Erythrocytic elements 
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\verage marrow nucleated cell counts of 5 animals in each group demonstrating both 
erythrocytic and granulocytic hyperplasia in the rats receiving batyl alcohol 

The magnitude and uniformity of the erythrocyte, reticulocyte, thrombo- 
cyte, and leukocyte increases in the recipients of batyl aleohol together with 
the marrow findings and the rapid return to normal values after the treatment 
was stopped are such that a causal relationship cannot be denied. The myeloid 
hypereellularity and the failure to elicit increases in hemoglobins or hematocrits 
seems to eliminate hemoconcentration as an explanation of the findings. Conse- 
quently, primary myelopoietic stimulation or accelerated myelopoiesis due to 
hemolysis would appear to be the only alternative explanations for the hemato- 
logic phenomena observed in normal rats given batyl alcohol. 

Since a number of lipid substances are known to exert a hemolytic effect 
and because thrombocytosis and leukocytosis may be associated with hemolysis, 
it is necessary to exclude this possibility before assigning true hemopoietic 
properties to batyl aleohol. The myeloid erythrocytic hyperplasia, reticulo- 
cytosis, leukocytosis, thromboeytosis, and stable hemoglobin and hematocrit 
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values are all compatible with a compensated hemolytic state, but the erythro- 
cytosis is not unless it represents red cell cytoclasis. Such a mechanism with 
impaired viability of the resultant erythrocytic fragments would explain all of 
the above findings in addition to the presence of microcytes with decreased 
osmotic resistance. Under these circumstances, however, it would be necessary 
to postulate definite augmentation in hemoglobin production as a prerequisite 
for the maintenance of normal hemoglobin and hematocrit levels, and enhanced 
incorporation of iron®® in hemoglobin should have been evident in recipients of 
batyl aleohol. The reticulocytosis occurs so promptly and is of such a magnitude 
there can be little doubt but that hemolytic activity of this degree, whether 
compensated or not, would be reflected by increased erythrocyte iron®’ uptake. 
For this reason, it would not seem possible to evoke hemolysis as an explanation 
for the hemopoietic effects of batyl aleohol. Furthermore, hemolysis per se does 
not adequately explain the thrombocytosis and leukocytosis since their associa- 
tion with hemolytic disease is only an unexplained observation. 

On the basis of existent experimental data, therefore, it can be concluded 
that batyl alcohol exerts a primary stimulatory effect on hemopoiesis. However, 
many questions remain unanswered as to what role batyl aleohol may play in 
the maintenance of normal hemie equilibrium or in certain pathologie states. 
Foremost among these is the apparent inconsistency between the dosage of 
batyl aleohol needed to alter hemopoiesis in normal rats and the much smaller 
quantities of a substance possessing such specific biologic activity which would 
be expected to exert a readily detectable effect. In view of the absorptive diffi- 
culties previously encountered,’ it is conceivable that the exogenous require- 
ments may greatly exceed the endogenous need, or there may exist differences 
in activity between the racemic synthetic material studied and the optically 
active natural form. Another quite likely possibility is that batyl aleohol may 
not be identical with but rather closely related to, or perhaps a precursor of, 
some other more active substance. Additional studies are in progress in our 
laboratories and those of other investigators pertaining to the hemopoietic 
activities of the other glyceryl ethers, selachy! aleohol and chimyl alcohol. <A\l- 
though both batyl and chimy! alcohol are solids, selachyl alcohol, which differs 
only slightly in chemical structure, is liquid at room temperature and is the 
glyceryl ether found most abundantly in nature.’ 

The alterations in hemie equilibrium induced by batyl alcohol assume added 
interest in the light of recent advances in our knowledge of the mechanisms 
which govern erythropoiesis.'* '° Although the erythropoietic stimulatory 
effect of certain plasmas and sera has been ascribed by many investigators 
to only one substance which is apparently a mucoprotein,'*"'* our observations 


indieate that there are two humoral erythropoietie factors.* '*! The protein 


factor is relatively thermolabile and ether-insoluble and enhances hemoglobin 
production as well as erythropoiesis in recipient animals. We are in accord 
with the theory’® ** ** that this agent most likely augments hemoglobin 
formation by increasing erythrocytic differentiation from the pluripotential 
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myeloid reticulum cells or from primitive erythroblasts and that subsequent 
maturation and hemoglobin synthesis probably occur simultaneously at a fixed 
rate which appears to be independent of the humoral stimulus or total output 
by the marrow.** It is apparent that an increase in the number of erythro- 
cytic precursors differentiated from the primitive dividing cells will, if other 
conditions remain unchanged, lead to enhanced hemoglobin production. 
There is, however, no compelling evidence that the multiplication of myeloid 
erythrocytic elements, which occurs chiefly if not entirely by homeoplastic 
mitosis, and the synthesis of hemoglobin must be responsive to a single 
stimulus. Examples of disparity between these seemingly diverse aspects of 
erythropoiesis are evident, and our previous studies indicate that the number 
of cellular divisions which the erythrocytic precursors undergo during 
maturation may be influenced by a second humoral factor. The latter agent 
is resistant to heating for prolonged periods at 100° C., is ether-soluble, and 
appears to be a lipid. It is hypothecated that these two factors control, in- 
dependently, the number of erythrocytes and the quantity of hemoglobin 
produced and that their combined activities determine, in addition, the size 
and hemoglobin content of each red cell. 

The chemical and physiologic attributes common to batyl alcohol and the 
thermostable, ether-soluble, plasma erythropoietic factor suggest, reasonably 
but as yet without proof, that they are closely related. If this relationship is 
established by further investigation, the pathogenesis of the leukocyte and 
thrombocyte increases associated with such conditions as acute hemorrhage, 
hemolysis, and polycythemia vera may be clarified. The apparent thrombo- 
cytosis-promoting effect in normal rats of the ether-soluble fractions of 


plasmas from patients with polycythemia vera*' supports this hypothesis. 


The consistent failure to observe leukocytosis and thromboecytosis in experi- 


mental animals or human subjects with erythroid hyperplasia due to stimula- 
tion by plasma of anemic or hypoxie donors or to endogenously enhanced 
humoral factor activity does not necessarily rule against this possibility. It 
may reflect varying degrees of sensitivity of the different myeloid elements 
comparable to the dose-response relationship observed in normal rats given 
batyl aleohol. In this connection it may be noted that there exists a suggestive 
correlation between leukocytosis, thrombocytosis, and the severity of certain 
acute hemolytic processes. Furthermore, the granulocyte and thrombocyte 
increases following acute hemorrhage are related to the rapidity and magnitude 
of the blood loss and disappear after subsidence of the initial and presumably 
maximal stimulus to erythropoiesis, 

Although the physiologic significance of the hemopoietic effects of baty! 
aleohol has yet to be elucidated, the phenomena observed are in apparent accord 
with the theory that all aspects of hemopoiesis are under humoral regulatory 
control and that a single substance or activator-inhibitor complex may afiect, 
although not to the exclusion of other mechanisms, the formation of all hemie 
elements. Batyl alcohol or some closely related compound may be a com- 
ponent of such a system. 
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SUMMARY 


1. The hemopoietic effects in normal rats of oral batyl aleohol consist of 


erythrocytosis, due to the production of microcytes, together with reticulocytosis, 


thrombocytosis, leukocytosis, and hyperplasia of all myeloid elements. 

2. The erythrocytic response is identical with that induced by the 
thermostable, ether-soluble plasma erythropoietic factor and is not associated 
with increased hemoglobin or hematocrit levels. Batyl alcohol also fails to 
enhance the incorporation of iron®® in hemoglobin of recipient rats or in vitro 
bone marrow cultures. 

3. Larger amounts of batyl alcohol are required to elicit leukocytosis, 
which is primarily the result of a relative and absolute neutrophilia, than 
are needed to exert detectable erythropoietic and thrombopoietie activity. 

4. It is suggested that batyl alcohol or some closely related substance may 
play an important role in the regulatory control of hemopoiesis. 
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THE CONCENTRATION OF SEROTONIN IN NORMAL 
HUMAN SERUM AS DETERMINED BY AN IMPROVED METHOD 
Ricuarp B. Davis, M.D.* 

MINNEAPOLIS, MINN. 


UMEROUS methods have been employed for the isolation and quantitation 

of serotonin in serum and blood. Determination in normal human blood 
has depended on isolation of platelets by differential centrifugation, and 
measurement of serotonin after its release from platelets. Quantitation of 
serotonin after isolation has depended (1) on bio-assay using bovine carotid 
artery muscle strips,’ rat colon or uterus,?* or the isolated perfused rabbit 
ear® or (2) on spectrophotofluorometry.® Concentrations of serotonin have been 
expressed in terms of 10° platelets, milligrams of platelet protein, or milliliters 
of blood. A summary of the methods employed, with normal human blood and 
serum values taken from the literature, is presented in Table I. 

Beeause of variable methods of isolation, and well-recognized difficulty in 
the precise quantitation of platelets,’ a method was sought which would 


provide a high degree of reproducibility and which would circumvent platelet 


isolation by determination of serotonin after its release into serum from blood 
clotted under standard conditions. 


MATERIALS AND METHODS 


Serotonin was used as the creatinine sulfate complex (obtained from Nutritional 
Biochemicals Corporation . Concentrations were expressed in terms of the free base. G. E. 
Dri-Film was obtained from E. H. Sargent & Company. Medium-sized crystals of ascorbic 
acid (obtained from Merck & Company) were ground to a fine powder prior to use. 

Fluorescence was measured using a Farrand spectrofluorometer, Model A, calibrated 
according to the method of Sprince and Rowley.12 A’ grating monochromator with a spectral 
range of 220 to 440 mg and a Corning glass filter No. 9863 between the light source and 
monochromator were employed for excitation of fluorescence. A grating monochromator 
with a spectral range of 400 to 700 my and a Corning glass filter No. 3389 between the 
cuvette and monochromator were used to measure fluorescence. Fixed slit widths of 10 mg 
were used both for excitation and measurement of fluorescence. A 1 by 1 by 5 em. quartz 
cuvette in a specially built adapter was used. Readings were made in microamperes. All 
glassware was acid washed; butanol and heptane were prepared by washing with 0.1 
N NaOH, 0.1 N HCl, and distilled water.9 

Blood samples were obtained by gentle suction after venipuncture with an 18 gauge 
needle previously treated with Monocote E.t All syringes were treated with G. E. Dri-Film 

methyl chlorosilane) according to the method of Tullis and Rochow.13 Blood was obtained 
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TABLE I. 


INVESTIGATOR 


Erspamers 


Zucker, 
and Bor 
relli26 


Sharman and 
Sullivan4 


Snow, 
Jones, Cur- 
zon, and 
Staceys 


Barkhan? 


Hardisty and 
Stacey 6 


Humphrey 


and Jaques? 


Zucker and 
sorrellis 


Weiner and 
Uden 
friend2s 


Sjoerdsma, 
Weissbach, 
Terry, 
and Uden 
friend29 


Sjoerdsma, 
Weisshach, 
and Uden 
friends° 


from healthy young adults approximately 2 hours after eating. 


obtained 


optimum working conditions. 


41.0 mg. of 


Parafilm* 


*Marathon Corporation, 


Lewis, 


Lennard 


ascorbic 


cover. 


NUMBER OF 
SUBJECTS 


A. 14 young 
adults 


B. 16 elderly 
adults 


29 normal 
persons 


2 normal 


persons 


25 persons 


31 persons 


35 normal 


persons 
i) 


2 ‘*samples’’ 


S young 
adults 


94 hospital 


ized patients 


10 normal 
persons 


‘about’’ 
normal 
persons 


from 2 hospitalized patients with 


acid and 


The blood 


was 


Menasha, 


DETERMINATION OF SEROTONIN 


BLoop AND SERUM SEROTONIN VALUES IN MAN, AS REPORTED BY 


INVESTIGATORS 


MATERIAI 


Serum 


Serum 


Serum 
(acetone 
extract 


Serum 
(acetone 
extract ) 


Serum 


Platelet 
suspension 
(acetone 
extract ) 


Platelet 
suspension 


Platelets 
(saline ex 
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temperature (24° C.) and placed in a refrigerator at 4° C. Six hours after the blood was 
drawn it was centrifuged, and 3.0 ml. of serum was removed for assay. 

The analytic method used was a modification of those of Udenfriend and associates! 
and Bogdanski and co-workers.15 To 3.0 ml. of serum was added 0.12 ml. of 1 N NaOH and 
0.38 ml. of 10 per cent ZnSO, The tube was agitated vigorously and the precipitate 
centrifuged; 1.5 ml. of supernatant was transferred to a graduated centrifuge tube, and 
anhydrous Na,CO, was added to adjust the pH approximately to 10. The alkaline solution 
then was transferred to a 50 mil. glass-stoppered centrifuge tube containing 5 Gm. of 
NaCl and 5.0 ml. of borate buffer.* The total volume was adjusted to 15 ml. with water 
from washings of the graduated centrifuge tube. Twenty milliliters of butanol was added and 
the mixture shaken for 15 minutes. The mixture was transferred to a 40 ml. Pyrex tube, 
and centrifuged at 3,000 r.p.m. until a clear layer of butanol was obtained. Ten milliliters 
of butanol was removed, and washed twice by shaking with an equal volume of borate buffer. 
The buffer was completely aspirated and discarded, then 1.5 ml. of 0.1 N HCl and 
20 ml. of n-heptane were added. The mixture was shaken for 5 minutes; 1.5 ml. 
of the acid layer then was mixed with 0.45 ml. of 12 N HCl, and fluorescence was measured 
at 550 my with excitation at 295 my. Centrifugation was carried out routinely at 4° C. 
In the presence of low amounts of serotonin somewhat greater sensitivity is obtained by 
using 6.0 ml. of serum with the following volumes of reagents: 0.25 ml. of 1 N NaOH, 
0.75 ml. of 10 per cent ZnSO,, a 3.0 ml. aliquot of supernatant from the protein precipitate, 
7.5 ml. of butanol removed after centrifugation, and 15 ml. of heptane. 


RESULTS 

The time of removal of serum, and amounts of ascorbic acid required were 
varied in order to determine optimum working conditions. Blood was incubated 
at 37° C. fer 15 and 45 minutes with two different amounts of ascorbie acid; 
the serum then was removed and serotonin was determined. Blood which was 


allowed to coagulate at room temperature also was refrigerated 514, 114, 


and 2314 hours after removal of serum. The results in two patients with 
metastatie carcinoid and in two normal persons are shown in Table II. 


TABLE II. RELATIONSHIP BETWEEN THE TIME OF REMOVAL OF SERUM FROM THE CLOT AND 
SEROTONIN CONCENTRATION 


SEROTONIN CONCENTRATION (pg/ML. 
30 MG. ASCORBIC ACID 45 MG. ASCORBIC ACID 
CARCINOID CARCINOID 
TIME NORMAI PT. A.F. NORMAL se t.H. PT. A.F. 

15 min. 0.15 4.80 0.11 1.2% 4.20 
45 min 0.10 3.20 0.10 1.16 2.85 
6 hr. 0.18 5.36 0.15 -2¢ 4.70 
12 hr. 0.16 4.90 0.15 16 ae 
24 hr. 0.17 4.60 0.15 1.1¢ 4.45 
Blood specimens were obtained from 2 different patients with carcinoid syndrome and 
2 different normal persons. Serum was removed at 15 and 45 minutes after the blood 


was drawn from samples incubated at 37 Cc., and at 6, 12, and 24 hours from samples 
allowed to clot at 24° C. for 30 minutes and then kept at 4° C. for 5%, 11% and 23% hours 


from 


In the presence of elevated levels of platelet and plasma serotonin the 
measured serotonin coneentration increased with inereasing amounts of ascorbic 
acid (Fig. 1). When 90 mg. of ascorbic acid or more per 7 ml. of blood was 
added clotting did not oceur, and only a small fraction of the amount obtained 


*Iit has been found that the use of a buffer of pH 11 or more results in a 50 per cent 
loss of serotonin, hence the pH must be carefully adjusted to 10.% See also Reference 17 





Volume 54 DETERMINATION OF SEROTONIN IN HUMAN SERUM 


SERUM SEROTONIN CONCENTRATION pOM./ML. 
> > o Oo or nx we Sa 
a 


10 20 3x 40 50 60 70 60 90 100 110 120 
MG. ASCORBIC ACID/ 7 ML. BLOOD 


Fig. 1.—Relationship between the amount of ascorbic acid used and the serum serotonin 
concentration The upper 3 curves represent 3 separate blood samples from 2 patients with 
metastatic carcinoid The lower curves represent determinations on 3 different normal indi- 
viduals In every determination the serum was removed 6 hours after the blood was drawn 
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with 58 mg. was found. In normal persons a similar but less pronounced in- 
erease of concentration with increasing amounts of aseorbie acid occurred. 
No inerease in the fluorescence of a water blank was observed when 200 mg. 
of ascorbie acid was added. 

Serum serotonin concentrations were measured in duplicate in 50 normal 
young, adults. The mean concentration was 0.21 yg per milliliter, with a 
range (+ 2 8.D.) from 0.10 to 0.32 pg per milliliter (Fig. 2). One deter- 
mination exceeded 0.32 vg milliliter. There was an average variation between 
duplicate samples of 0.005 ng per milliliter (2.4 per cent of the mean concentra- 
tion). 

To determine the recovery of serotonin added to blood, 6.0 ml. of blood was 
added to varying amounts of serotonin in 1.0 ml. of normal saline with 41.0 mg. 
of ascorbie acid. The total serotonin recovery in the serum plus saline was 
determined. As seen in Fig. 3, 79 per cent of added serotonin was present in 
the serum-saline mixture. 


pam. 


ei 
5 
3 
£ 
& 
a 
7} 


15 20 x” 35 
SEROTONIN ADDED pGM. 


Relationship between the total serotonin added to blood and the amount 


recovered in 
1 serum-saline mixture 


DISCUSSION 
Coagulation of blood has been known to release a serum vasoconstrictor 
substanee since 1868, when Ludwig and Schmidt first showed that defibrinated 
blood contained a substance which produced increased resistance to perfusion 
of dog musele."* Serotonin is found only in the platelets of normal blood, and 
is released by mechanical trauma (e.g., freezing and thawing, ultrasonic 
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vibrations, ete.), contact of platelets with unsiliconized glassware, alkaline 
tissue extracts,’® reserpine,” antigen-antibody reactions,? ** and bacterial endo- 
toxin.** Clotting does not cause serotonin liberation by the mechanical effects 
of clot formation,** but liberation is caused by thrombin formation and coincides 
with the disappearance of platelet adenosinetriphosphate (ATP).*° 

In the past, serum serotonin concentrations have been recognized to be 
substantially less than those of whole blood, caleulated from the assay of 
platelet-rich plasma (Table I). Zucker and associates found an average serum 
serotonin concentration of 0.062 yg per milliliter in 29 persons, and believed 
that the low recovery was partially attributable to serotonin adsorption on 
erythrocytes,” a belief with which Cargill-Thompson and associates concurred." 
Hardisty and Stacey® found a wide variation of serum serotonin in similarly 
treated blood specimens, and coneluded that only an inconsistant fraction of 
platelet serotonin reached the serum.* 

Recently Ling and Blum** reported that serotonin incubated with whole 
blood or crystalline hemoglobin was rapidly destroyed, probably by oxidation. 
They found that denaturation of hemoglobin at pH 3.0, carbon monoxide, 
trichloroacetic acid (TCA), and ascorbie acid prevented destruction, but that 
glutathione did not.*7 These findings suggested that the previously reported 
low and variable amounts of serotonin in serum were due to serotonin destrue- 
tion in varying degree, and that if serotonin was measured in serum obtained 
from blood clotted in the presence of ascorbie acid larger amounts and more 
reproducible results might be obtained. 

Needles treated with Monocote E and silicone-coated syringes were used 
in order to prevent disruption of platelets and the release of serotonin before 
the blood could come in contact with ascorbie acid. Blood, added to ascorbic 
acid, was incubated for 15 and 45 minutes at 37° C. since Zucker and Borrelli® 
found no constant variation in serum serotonin under those conditions in 
the absence of ascorbie acid. Also, blood was arbitrarily allowed to stand for 
6, 12, and 24 hours to determine if early serotonin release, effected by thrombin 
formation, might be augmented by serotonin release coincident with platelet 
breakdown. 

Maximum amounts of serotonin were found wher blood was allowed to 
stand for 6 hours after being drawn. Lesser concentrations were found in blood 
incubated for 45 minutes at 37° C. and in blood which was allowed to stand for 
12 and 24 hours; this was probably due to gradual serotonin destruction. The 
variation was small, however, when normal blood was used. With an increased 
amount of ascorbie acid in normal blood (58 mg. per 7 ml.) no inerease in sero- 
tonin coneentration resulted over the amount found with 41 mg. per 7 ml. 

An attempt also was made to find an amount of aseorbie acid at which con- 
stant serotonin concentration would be found in eareinoid blood, in the pres- 
ence of increased amounts of ascorbie acid, as found for normal blood. When 
70 mg. of ascorbie acid was used the clot was poorly formed and a lower sero- 
tonin concentration was found; however, in the presence of 90 to 120 mg. of 
aseorbie acid clotting did not oceur and serotonin concentrations were sub- 


stantially reduced. Good clotting, therefore, was deemed to be imperative for 
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reproducible results, and 41 mg. per 7 ml. of blood was chosen because numerous 
observations showed that satisfactory clotting consistently occurred with that 
amount. When 58 mg. was used a poorly formed clot occasionally was observed. 
Nevertheless, 58 mg. should be used for blood from patients with carcinoid syn- 
drome since greater amounts of serotonin were found with that amount. The 
specimen is discarded if poor clot formation oceurs. 

In duplicate samples from normal individuals essentially constant con- 
centrations of serotonin were noted, and the addition of increasing amounts of 
serotonin in an in vitro system did not result in an inereased loss of serotonin, 
up to 5.0 ug per milliliter, with the use of 41 mg. of ascorbie acid per 7 ml. of 
blood. Excessive amounts of serotonin in plasma and adsorbed on platelets 
in the eareinoid syndrome appeared to be more readily destroyed, however, 
since the addition of 58 mg. of aseorbie acid apparently resulted in higher sero- 
tonin levels than when 41 mg. per 7 ml. of blood was used. 

Because Weiner and Udenfriend** reported a ‘‘tendeney’’ toward lower 
serotonin values in hospitalized patients with less than 10 Gm. of hemoglobin, 
the hematocrit was measured in 47 of the 50 normal individuals. The hemato- 
crits varied from 32 (in a recent blood donor) to 55, but there was no correla- 


tion between the hematocrit and serotonin level, nor was any sex difference ap- 


parent in the 8 female donors (range 0.13 to 0.30 yg per milliliter). It has 
been stated that if all of the serotonin present in platelets was liberated in the 
serum the concentration would be 0.35 yg per milliliter. The concentrations 
obtained in this study probably do not represent total release of serotonin into 
serum. Nevertheless, constant recovery is obtained by blocking destruction of 
serotonin, and serum values are found to be comparable to the previously re- 
ported values for normal blood. 


SUMMARY 


By blocking the destruction of serotonin with added ascorbie acid repro- 
dueible concentrations of serotonin in the serum are obtained, and a substantial 
recovery of serotonin added to whole blood can be demonstrated. The mean 
concentration of serum serotonin by this method in 50 normal persons was 0.21 
wg per milliliter, with a range of 0.10 to 0.32 yg per milliliter (+ 2 S.D.). Previ- 
ously noted low and variable concentrations of serotonin in serum are believed 
to be due to substantial destruction of serotonin prior to assay. 

I wish to thank Dr. C. J. Watson for his interest in this investigation and his advice 
in the preparation of this manuscript. The Farrand spectrofluorometer was used with the 


kind permission of Dr. Arnold Lazarow of the Department of Anatomy, University of 
Minnesota. 


iddendum.—Since this paper was submitted for publication an additional method for 


determination of blood serotonin in man has appeared.3! 
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SERUM PHOSPHOLIPIDS IN CORONARY ARTERY DISEASE 


Louis CoHEen, M.D.* 
CuicaGo, Inu. 


HE phospholipids in serum ean be classified into 2 groups: those con- 

taining choline and those containing moieties other than choline (i.e., serine, 
ethanolamine, or inositol). The choline-containing phospholipids (CCPL) are 
(1) phosphatidyl choline (lecithin), (2) lysophosphatidyl choline, and (3) 
sphingomyelin. The noncholine-containing phospholipids (NCCPL), also 
known as the cephalins, are (1) phosphatidyl] ethanolamine, (2) lysophosphatidy] 
ethanolamine, (3) phosphatidyl serine, and (4) phosphatidyl inositide(s). 

Knowledge of the physiologic role of these serum phospholipids is scanty. 
They are known to be integral parts of serum lipoproteins' and in this form 
appear to be a necessary cofactor for the lipolytic activity of lipoprotein 
lipase.* Perhaps a more fascinating role is their as yet undefined function in 
normal coagulation and intravascular clotting. This role is suggested by the 
coagulant effect of cephalin compounds present in thromboplastin,* ** red blood 
cells,* platelets,” and serum® and by the in vitro and in vivo promotion or 
inhibition of coagulation by various phospholipids.” * ** 

The association of intravascular clotting and lipid abnormalities with 


atherosclerosis, has suggested a possible association of lipid abnormalities and 


intravascular clotting. Because of the profound effect of phospholipids on ex- 


perimental coagulation, we thought it would be of interest to investigate the 
distribution of the CCPL and NCCPL in the serum of a group of 20 patients 
with coronary artery disease. These patients in the main had probably suffered 
an episode of intravascular thrombosis as indicated by a previous myocardial 
infarction, or were potentially susceptible to such an event as indicated by the 
symptom of angina pectoris. 

Our method of approach was to determine the total phospholipids and 
the choline- and noncholine-containing phospholipids in the serum of control 
subjects and patients with coronary artery disease. Our results indicate a 
rise in both the NCCPL and CCPL fractions neither of which by itself is 
statistically significant but together account for the statistically significant rise 
in phospholipids noted in patients with coronary artery disease. 


METHODS 


The techniques used have been described in detail in a previous publication.® 
Choline is assumed to be present in serum attached only to phospholipids. Trace amounts 
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of acetylcholine1® and unbound cholinet! are believed to be present, but for our present 
purposes may be considered negligible. 


Choline was measured by microbiologic assay® using modified methods of Horowitz and 
Beadle12 and Leucke and Pearson.13 Lipid phosphorus was measured colorimetrically at 


625 my after the method of Fiske and Subbsrow.14 This method consists of twice digesting 


a dried aliquot of an ethanol:ethyl ether (3:1) extract of serum with 10 N H,SO, and 
Superoxol over a flame, and using 2,4-amino-naphthol-sulfonie acid for development of a 
blue color. 


The following calculations were made: 
Lipid phosphorus (lipid P) mg. per cent phospholipid (PL) mg. per cent 
M choline ne rae 

on Ta p * PL mg. per cent choline-containing phospholipids (CCPL) mg. per cent 


PL (mg. per cent) — CCPL (mg. per cent) 


noncholine-containing phospholipids 
(NCCPL) mg. per cent 


Total serum cholesterol determinations by the method of Bloor!5 were also performed. 


Subjects.—Thirty-six male physicians and laboratory workers, 20 to 


56 years of age, 
comprise the control group. 


This group was evaluated by physical examination, hemogram, 
urinalysis, fasting blood sugar, chest x-ray, basal metabolism test, and electrocardiogram. 
The normal subjects are divided into two age groups, 20 to 29 years, and 32 to 56 years. 
Each of these age groups is compared with the patient group which consists of 18 men 
and 2 postmenopausal women, 32 to 59 years of age, with coronary artery disease manifest 
by angina pectoris and/or previous myocardial infarction. 


All lipid determinations were made on serum collected after an overnight fast. The 
data reported here represent 29 determinations made on 20 patients, and 60 determinations 
made on 36 control subjects. The average of replicate determinations on a subject was 
used in calculating the mean lipid values in each group. Blood was obtained from the 
patient group from one month to several years after the onset of clinical manifestations 
of their disease, but never during the first month following recovery from an acute myo 
cardial infarction. Several patients were on Dicumarol or recently had this medication 
discontinued. Other medications included nitroglycerine, aminophylline, and barbiturates. 


None of these medications in the dosage used is known to influence the serum lipids studied. 
RESULTS 

Table I compares the lipid values of the coronary artery disease group 

and normal subjects, and lists the significance of differences of means as 

measured by Fisher’s t test."° On the average, the CCPL represent 79.1 + 1.14* 


per cent, 78.7 + 0.855 per cent, and 77.9 + 1.54 per cent of the serum phospha- 


tides in the young normal, older normal, and patient groups, respectively. 
The NCCPL represent 20.9 + 1.14, 21.3 + 0.734, and 22.1 


1.57 per cent of the 
serum phosphatides in the young normal, older normal, and patient groups 
respectively. The mean serum phospholipids (mg. per cent) in patients with 
coronary artery disease is greater by 10.1 per cent than in the 2 normal groups 
and attains significance, a finding in agreement with previous reports.'* ** 
The per cent increases in NCCPL of 17.3 per cent and in CCPL of 8.2 per 
cent are not statistically significant by themselves, but collectively account for 
the significant rise in total phospholipids. The rises in serum cholesterol with 
age and the highly significant rise in coronary artery disease are as expected. 


*Standard error. 
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Although not tabulated here, the fraction of the serum phosphatides 
represented by the CCPL and NCCPL was found to vary considerably. In 
control subjects, aged 20 to 56 years, the CCPL represents 71.5 to 90.4 per 
cent and the NCCPL 9.6 to 28.5 per cent of the serum phosphatides.® The 
corresponding ranges for CCPL and NCCPL in the patient group are 66.4 
to 99.6 per cent and 0.4 to 33.6 per cent, respectively. 


DISCUSSION 

The data indicate that patients with coronary artery disease as a group 
have an increased serum phospholipid content as well as an increased serum 
cholesterol content. The inerease in phospholipid appears to be accounted 
for by small rises in both the NCCPL and CCPL. 

The data give no insight regarding which phospholipid species account 
for the rise in each fraction. The work of Kayden and Steele’® is of interest 
as they reported that the sphingomyelin-cholesterol ratio in the two major 
lipoprotein fractions, as determined by starch electrophoresis, is constant even 
with increases in cholesterol that occur in coronary artery disease. The increase 
in CCPL noted here might be accounted for by an increased sphingomyelin 
content. There are no similar observations that bear on the distribution of 
the other phospholipid species in coronary artery disease. 

The average values of CCPL and NCCPL in serum reported here are in 
substantial agreement with those of Albrink,?° who reported 70 to 80 per cent 
of serum phospholipids are CCPL in normal subjects and numerous disease states, 
and in agreement with the reports in the older literature summarized by 
Witeoff.2! However, the values reported here differ from the values found 
by Taurog and associates,?* Hack,** and Sinclair** who believed less than 10 
per cent of human plasma phospholipid is NCCPL. More recently, using 
silicie acid chromatography, Phillips*® analyzed 7 normal sera and found less 
than 10 per cent of the serum phospholipid to be NCCPL.* 

The data enumerated here establish no causal relationship between phospho- 
lipids and intravascular clotting or atherosclerosis. The data do emphasize 
such patients have an increased concentration of serum phospholipid, apparently 
of both the choline-containing and noncholine-containing types. These limited 
data do not warrant speculation regarding the role of these lipids in blood 
coagulation but when added to the findings reported in the excellent review 
by Poole*® regarding the provocative role of certain phospholipids in accelerating 
in vitro coagulation is further suggestive evidence that the phospholipids may 
vet prove of great importance in resolving the imprecisely understood role 
of lipids in blood coagulation. These observations certainly suggest the need 
for further studies in the partition of the phospholipids in coronary artery 


disease as well as other disease states characterized in part or in the main by 
intravascular thrombosis. 


SUMMARY 


The mean concentration of serum phospholipids in a group of patients with 
coronary artery disease was found to be significantly greater than that of 
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controls. This inerease seems to be accounted for by small increases in the 
mean concentration of both choline-containing and noncholine-containing phos- 
pholipids. 
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THE BASE BINDING PROPERTY OF THE SERUM PROTEINS 
WITH RESPECT TO MAGNESIUM 
ANANDA 8. Prasap, M.B., Pa.D., EpMuNp B. FLInK, M.D., PH.D., AND 
Horace H. ZiInNEMAN, M.D. 
MINNEAPOLIS, MINN. 


AGNESIUM in human serum exists in two forms, diffusible and nondiffus- 
ible. Copeland and Sunderman’ have suggested that the magnesium 
proteinate in the serum acts as a dissociated salt according to the mass law 
relationship and showed that the diffusible magnesium is practically all ionic. 
These authors have shown that magnesium is bound to albumin.’ Carr? has 
reported that the binding of magnesium in different protein solutions in vitro 


is similar to that of calcium. However, since the base binding property of 


serum albumin and different globulins with respect to magnesium in normal 
and diseased states has not been investigated, an attempt was made to study 
this aspect. 


MATERIALS AND METHODS 


In vitro binding in normal subjects was studied in samples of different protein 
fractions obtained by starch block electrophoresis. Twenty-two fractions were obtained 
from each specimen of serum obtained from 5 normal subjeets. Appropriate fractions were 
pooled into albumin and alpha-1, alpha-2, beta, and gamma globulin samples. To each of 
these different protein fractions was added from 5 to 8 ml. of magnesium chloride solu 
tion in normal saline with a concentration of approximately 2.0 mEq. of magnesium per 
liter, and the mixtures were incubated at 37° C. for 30 minutes. The volume of magnesium 
chloride solution added varied depending on the volume of the protein sample. Total and 
ultrafiltrable magnesium was then determined in each sample.4 Ultrafiltration was done by 
a technique reported previously.5 Protein concentration of each fraction was determined 
by the tyrosine method® after addition of magnesium chloride solution. From these, the 
amount of magnesium bound to different protein fractions was calculated. As a control, 
10 ml. of the magnesium chloride solution in normal saline was subjected to ultrafiltration, 
and the magnesium was determined in both the original sample and its ultrafiltrate. 

In vivo binding was studied on serum samples obtained from 4 groups: Group I, 
normal subjects; Group II, multiple myeloma; Group III, hyperglobulinemia (exclusive of 
multiple myeloma); and Group IV, hypoproteinemia. Cases with uremia were excluded. 
Serum total and ultrafiltrable magnesium were determined on each sample. Total protein 
was determined by the biuret method.? Paper electrophoresis was used to determine the 
different fractions of the serum proteins.’ Nonultrafiltrable magnesium was calculated in 
millimoles per kilogram of water using the McLean and Hastings® formula for correction 
of the volume occupied by the solids and proteins in the sera. Different protein com- 
ponents were expressed as fractions of the total proteins. The albumin was expressed in 
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terms of millimoles per kilogram of water using the molecular weight of 69,000.10 The 
nonultrafiltrable magnesium was plotted against the different fractions of the serum pro- 
teins on arithmetic graph paper. The molecular weight of albumin is well established and 
the nonultrafiltrable magnesium concentrations were plotted against the millimoles of 
albumin. In the instance of total proteins this calculation is not possible and in the in- 
stances of the other protein fractions would be nearly as difficult since each one is not 
actually homogeneous. Curves were determined by the method of least squares. The 
correlation coefficient and standard error for each group were calculated statistically,1! 
and the P values were derived from Fisher’s table (No. V.A.).12 


RESULTS 

Table I shows the results of in vitro experiments. Unfortunately, protein 
concentrations were not determined in the first series of protein fractions 
since the specimens were misplaced. The ultrafiltration results are included, 
nevertheless, since the results are qualitatively similar to the other 4 experi- 
ments. The magnesium which is not ultrafiltrable is probably bound to protein 
and will be described as being protein bound in this discussion. Roughly 
0.027 mEq. of magnesium was bound to 1 Gm. of albumin. Besides albumin, 
alpha-1 and alpha-2 globulins also bound some magnesium in 3 out of 5 in- 
stances. The results obtained with beta globulin indicated equivocal binding 
in only one instance. In 4 out of 5 experiments magnesium in gamma globulin 
was completely ultrafiltrable indicating that this protein probably does not 
bind any magnesium. The concentration of the protein fractions, other than 
albumin, is small and makes binding property of respective fraction less cer- 
tain. Magnesium chloride in saline solution was 90 to 104 per cent ultrafiltrable. 
These experiments also indicate that there is no selective adsorption of mag- 
nesium on the gauze or easing used for ultrafiltration. 

Figs. 1 through 6 show in graphic form the relationship between the total 
nonultrafiltrable magnesium and the concentration of the various protein 
fractions. In the instances where significant correlations exist between non- 
ultrafiltrable magnesium and a particular protein fraction, it can be inferred 
that the fraction has an affinity for magnesium. From these data it cannot be 
stated categorically that protein binding occurs. In the discussion which 
follows the relationship will be described by the term ‘‘ probably bound.”’ 

Fig. 1 shows the curve for the total protein in grams per liter and the non- 
ultrafiltrable magnesium in milliequivalents per liter in all the groups studied. 
The patients with increased total protein due to hypergammaglobulinemia 
were excluded since our in vitro results showed that gamma globulin does not 
bind any magnesium. A definite relationship between the total protein and 
the nonultrafiltrable magnesium was noted (correlation coefficient, r, = 0.75, 
P < 0.01). From this, roughly 1 Gm. of protein apparently binds 0.01 mKq. 
of magnesium. The pK magnesium proteinate in normal subjects was calcu- 


lated to be 1.927 + 0.052. From the curve, the relationship between total pro- 


tein and the nonultrafiltrable magnesium ean be expressed as y mx + b, 
where y represents the nonultrafiltrable magnesium, x the total protein, m the 
slope of the curve, and b the intercept. Assuming that the constant b repre- 
sents the nonultrafiltrable magnesium which is independent of the protein in 





360 PRASAD, FLINK, AND ZINNEMAN J. Lab. & Clin. Med 


September, 1959 


the sera, roughly 0.14 mEq. of nonultrafiltrable magnesium per liter must be 
accounted for by some substances other than the proteins. 





p<o.o1 


b=0.14 
m =0.01 
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Fig. 1 The curve of relationship of nonultrafiltrable magnesium to total serum proteins 
is plotted by the method of least squares. There is a significant positive correlation 
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2.—The relationship of albumin to nonultrafiltrable magnesium is plotted. There is 

significant positive correlation. 

Fig. 2 shows the curve for the albumin and the nonultrafiltrable magnesium 
relationship for all the 4 groups when both were expressed in millimoles per 
kilogram of water. <A significant correlation between the two was observed 
(r 0.5, P < 0.01). From our ealeulations, approximately 0.012 mEq. of 
magnesium appeared to be bound per gram of albumin. From 60 to 65 per 
cent of the nonultrafiltrable magnesium could be accounted for by the albumin. 

Fig. 3 shows the curve for alpha-1 globulin and nonultrafiltrable mag- 
nesium relationship: Group I, r 0.75, P < 0.01; Group I, r 0.79, P 
< 0.02. No correlation in Groups III and IV was observed. 
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Fig. 3.—The relationship of alpha-1 globulin and nonultrafiltrable magnesium is plotted 
separately for each group \ positive correlation occurs only in normal subjects and patients 
with multiple myeloma. 
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Fig. 4.—The relationship of alpha-2 globulin and nonultrafiltrable magnesium is plotted sepa- 
rately for each group. Positive correlation exists in all groups. 
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Fig. 4 shows the curve for alpha-2 globulin and nonultrafiltrable magne- 
sium relationship. A significant correlation between the two was found in all 
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Fig. 5 —The relationship of beta globulin and nonultrafiltrable magnesium is plotted separately 
for each group. Only in the instance of hypoproteinemias does a positive correlation exist. 
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Fig. 6.—The relationship of gamma globulin and nonultrafiltrable magnesium is plotted for 
each group. Note absence of any correlation. 
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the groups (Group I, r = 0.67, P < 0.02; Group II, r = 0.726, P < 0.05; 
Group III, r = 0.7, P < 0.01; and Group IV, r = 0.678, P < 0.02). This in- 
dicates that alpha-2 globulin probably binds some magnesium in all the groups 
studied. 

Fig. 5 shows the relationship between beta globulin and nonultrafiltrable 
magnesium. No correlation was observed in Groups I, I], and III. In Group 
IV, r = 0.63 and P < 0.05 indicating that some magnesium was probably 
bound to beta globulin. 


Fig. 6 shows the seattergram for gamma globulin and nonultrafiltrable 
magnesium. No correlation between the two was found to exist in any group. 


Gamma globulin, therefore, does not seem to bind any magnesium in the groups 
studied. 
DISCUSSION 

From in vitro and in vivo studies, it appears that albumin binds magnesium 
whereas beta and gamma globulins do not. Besides albumin, alpha-2 globulin 
was another fraction which appeared to bind magnesium consistently in all the 
groups studied. Alpha-1 globulin in multiple myeloma and normal persons 
and beta globulin in hypoproteinemia also appeared to bind magnesium. pK 
magnesium proteinate as caleulated from our data was 1.927 + 0.052 which is 
very close to that reported by Copeland and Sunderman’ (1.77 + 0.15). In 
normal subjects, caleium appears to be bound to albumin and beta globulin,” 
whereas magnesium is bound to albumin and alpha-2 globulin. 

From our analysis roughly 0.012 mEq. of magnesium was bound to 1.0 
(im. of albumin in the groups of patients studied. Copeland and Sunderman’ 
reported that 0.013 (+ 0.004) mEq. of magnesium was bound to 1.0 Gm. of 
albumin. However, from our in vitro results in 4 normal subjects when albu- 
min was obtained by means of starch block electrophoresis, the mean value for 
magnesium apparently bound to 1.0 Gm. of albumin was 0.027 mEq. The pH 
was above the physiologic range, however, in the in vitro experiments. 

The analysis of our results also indicate that a small fraction of nonultra- 
filtrable magnesium may be accounted for by substances other than the pro- 
teins. However, there is no evidence at present as to which other substances 
in the sera could be responsible for binding magnesium besides the proteins. 
Drinker and Zinsser" have reported that besides protein, calcium is also bound 
to cephalin. 

The faet that there is a positive correlation between concentration of 
nonultrafiltrable magnesium and concentration of total proteins and of several 
fractions makes the probability strong that these proteins ‘‘bind’’ magnesium. 
The in vitro studies with separated fractions strengthen this contention. There 
is no evidenee whatever as to the kind of bond or bonds. However, the mag- 
nesium-protein relationship obeys the law of mass action, and the magnesium 
bound to protein is in a reversible combination. As in the case of calcium, it 
is probably correct to presume that there are as many undissociated magne- 
sium proteinates as there are discrete proteins in plasma and therefore the 
nonultrafiltrable magnesium moiety should be regarded as the summation of a 
large number of different protein-magnesium complexes. 
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SUMMARY 
1. The pK magnesium proteinate in normal subjects was found to be 1.927 
0.052. 
2. Roughly 10 to 15 per cent of the nonultrafiltrable magnesium (in the 
normal subjects), appears to be independent of the serum proteins. 

4. From statistical analysis roughly 1 Gm. of albumin bound to 0.012 
mEq. of magnesium. Approximately 60 to 65 per cent of the nonultrafiltrable 
magnesium could be accounted for by the serum albumin in normal persons. 

4. Alpha-l globulin appeared to bind some magnesium in multiple mye- 
loma and normal persons, whereas alpha-2 globulin apparently bound mag- 
nesium in all the groups studied. 


». Beta globulin appeared to bind some magnesium in patients with hypo- 


proteinemia. In other groups it did not bind any magnesium. 


6. Gamma globulin does not bind any magnesium, either in vivo or in 
vitro. 
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THE EFFECT OF EXPERIMENTAL HEPATIC NECROSIS ON THE 
VITAMIN B,. CONTENT IN SERUM AND LIVER 
Nosuo Kato, M.D., anp Syugt MuRAKAmI, M.D. 
NAGOYA, JAPAN 


FN epainscoicas a significant increase of serum vitamin B,. levels has been 
reported’ in patients with some of the liver diseases, the underlying 
mechanism for this increase has not been clarified, and no observations are 
available as to the correlation between the histopathologic change of the liver 
and the change of serum vitamin B,.. The increase of the vitamin B,,. levels 
in patients with acute hepatitis, especially those with hepatic coma, was 
greater than in patients with cirrhosis of the liver, and there was also a greater 
proportional rise in the free form of serum vitamin B,.. On the other hand, 
the serum of patients with cirrhosis of the liver showed a greater increase in 
the bound form.* In patients with acute hepatitis, our clinical data have 
shown that (1) the increase of serum vitamin B,. levels occur during the 
acute phase of the disease; (2) the levels decline gradually after the disap- 
pearance of manifest symptoms of the disease; and (3) the increase seems to 
be related to acute hepatic damages rather than to the regeneration of the 
hepatic tissues. 

Therefore, to elucidate the mechanism of this increase, experimental acute 
hepatic necrosis was produced in rabbits by a single injection of carbon tetra- 
chloride (CCl,). Serial determinations were made of the vitamin B,, levels 
in the serum and liver of intoxicated rabbits, and the histochemical findings 
were noted. The time and quantitative relationships between changes in the 
serum vitamin B,, levels and the liver vitamin B,,. levels were studied. <A 
preliminary report of certain phases of the study has been published already.°® 


MATERIALS AND METHODS 


Acute hepatic necrosis was produced in rabbits by the subcutaneous injection of 0.5 
or 1.0 ml. per kilogram of body weight of a 20 per cent solution of CCl, in olive oil. The 
animals had been kept ad libitum on a natural diet in our laboratory for at least a week 
before being used in the experiments. The animals weighed from 2.5 to 3.0 Kg. The total 
number of rabbits used was 29. In order to make serial observations with the same ani- 
mal on the changes of vitamin B,, levels in the serum and liver, samples of blood and liver 
were obtained without killing the animals. Blood was withdrawn by heart puncture, and 
tissue blocks, 200 to 300 mg., of the liver were resected from the left lobe of the liver by 
aseptic operation under light ether anesthesia. For the determinations of weight and 
vitamin B,, content of the whole liver, the animals were sacrificed by cutting the carotid 
artery. 
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The vitamin B,, content was determined with Lactobacillus leichmannii (A.T.C.C. 
4797) by an acidimetric adaptation of the U.S.P. method with some modification. As has 
been observed in human serum,*-20 the vitamin B,, activity of rabbit serum obtained after 
heating for 30 minutes at 100° C. is much higher than that obtained without heating. Rabbit 
serum has levels of total vitamin B,, about a hundred times higher than human serum. 
For the assay of the total vitamin B,,, rabbit serum was diluted to 1:1,000 with pH 4.6 
acetate buffer in a final concentration of 0.01 M and heated for 30 minutes at 100° C. 
After cooling and centrifugation, the supernatant was adjusted to pH 6.8 with K,HPO, 
solution and used for the assay. The “free” or “easily available” form of serum vitamin 
B,, was assayed after the serum was diluted to 1:500 with sterilized distilled water, heated 
for 30 minutes at 56° C., and then added aseptically to the assay medium. The bound 
form of serum vitamin B,, was determined subtracting the value obtained for the “free” 
form from the total vitamin B,, levels. 

Liver vitamin B,, was extracted as described by Dawbarn and Hine!! by heating 
1 per cent liver homogenates for 30 minutes at 100° C, in 0.1 M acetate buffer (pH 4.6) 
containing 5 mg. of potassium cyanide per 100 ml. After cooling and centrifugation, the 
supernatant obtained was diluted appropriately, adjusted to pH 6.8, and used for the assay. 

The resected tissue blocks of the liver were also examined histologically. The tis- 
sues were stained as follows: (1) by hematoxylin and eosin, (2) for fat by Sudan III, 
(3) for glycogen by the method of Hotchkiss,!2 (4) for ribonucleic acid with methyl green 
pyronine stain and ribonuclease digestion,’ and (5) for desoxyribonucleie acid by the 
Feulgen reaction.'4 

To prepare the nuclear, mitochondrial, microsomal, and supernatant fluid fractions 
of rabbit liver, differential centrifugation was used as described by Schneider and Hoge 
boom.!5 The liver tissues were homogenized in 0.25 M sucrose solution. The nuclear and 
mitochondrial fractions were washed twice and the microsomal fraction was washed once 
with the sucrose solution. The method for extraction of vitamin B,, from each fraction 
was similar to that used for the whole homogenate. Nitrogen content in each fraction 
was determined by the micro-Kjeldahl method. 

The paper electrophoretic method of Kunkel and Tiselius!¢ as modified by Kobayashi'? 
was used to show the electrophoretic behavior of vitamin B,, in serum and liver homoge 
nates. Paper electrophoresis was carried out in triplicate with 0.01 to 0.02 ml. of serum 
or liver homogenate on TOYO No. 50 paper strips, 3 by 35 em., with barbital buffer of 
0.1 ionie strength, pH 8.6, for a period of 8 to 10 hours at 0.5 Ma. per centimeter width 
of paper. In the case of liver homogenates, an equal quantity of rabbit serum was applied 
to a fourth strip as a control for protein migration. The strips were air dried; one of 
these and a control strip were stained with bromphenol blue to locate the protein band. 
The other strips were cut into each fraction, or 1 em. wide pieces, and each piece was 
placed in a test tube to which had been added 2.5 ml. of 0.01 M phosphate buffer, pH 6.8, 
and the tubes were heated for 30 minutes in a boiling water bath. After cooling, equal quanti 
ties of double strength medium were added to all tubes, and the assay of vitamin B,, was 
completed. 


RESULTS 

Histologic Changes.—Histologie changes in a section stained with hema- 
toxylin and eosin are as follows. At about 24 hours after administration with 
1 ml./Kg. B.W. of 20 per cent CCl, solution, liver cells in the central region 
of the liver lobules underwent necrosis followed by karyorrhexis and karyoly- 
sis. The adjacent cells in the middle region were swollen. At about 48 hours 


the situation was almost the same as at 24 hours except that the necrotie areas 
were slightly extended. On the fourth day necrosis was confined to the area 


around the sublobular veins. The intermediate area between this necrotic 
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area and the viable peripheral cells was comprised of a number of large cells, 
most of which were the dividing regenerating cells. On the seventh day 
necrotic cells were removed and replaced by large, newly regenerated cells. 
The hepatic cells in the central and middle regions were still slightly large, 
and the lining of these cells was irregular. On the twelfth day the histologic 
view of the liver tissues had become almost completely normal. 


TABLE I. CHANGES IN LIVER FaT or RABBITS GIVEN CCl, (SupAN IIT Srarn) 


DAYS APTER CCl, ; fs rial 
ADMINISTRATION CENTRAL ZONES MID-ZONES 
Before + 


PERIPHERAL ZONES 


+ 


i+ 1+ I+ 1+ I+ 


I+ 


TABLE IT, CHANGES IN LIVER GLYCOGEN oF RABBITS GIVEN CCl, (PAS STAINING AFTER 
THE HorcHKIss METHOD) 


DAYS AFTER CCl, 
ADMINISTRATION CENTRAL ZONES 
Before ++ 

1 


MID-ZONES PERIPHERAL ZONES 


+ +++ 


12 


TABLE III. CHANGES IN LiveR RNA or Raspits GiveEN CCl, (METHYL GREEN-PYRONINE 
STAIN ) 
DAYS AFTER CCl, 
ADMINISTRATION CENTRAL ZONES 


MID-ZONES PERIPHERAL ZONES 
Before 


++ + 


TABLE IV. CHANGES IN LiveR DNA or Raspits Given CCl, (DNA STAINING FEULGEN 
REACTION ) 
DAYS AFTER CCl, 
ADMINISTRATION CENTRAL ZONES 
Before 
1 


MID-ZONES PERIPHERAL ZONES 


+ I+ 1+ + 


+ 
+ 


12 


Histochemical changes in the liver tissues are summarized in Tables I to 
IV. As will be seen, the most striking changes were the deposition of fat 
and the disappearance of glycogen and pyroninophilie substance in the central 
and middle regions at about 24 to 48 hours after CCl, administration. There- 


after these changes tended to recover rapidly and, on the seventh or twelfth 
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day, the histochemical view of the liver tissue was almost the same as the 
normal liver. The temporary inerease of glycogen in the peripheral cells 
after CCl, administration was characteristic of the histochemical changes 
of glyeogen, and this was in good contrast with usual seantiness of glycogen 
in normal liver. Later, however, the glycogen content in the peripheral cells 
again was decreased. The development and the recovery of the histochemical 
changes corresponded with those of the central lobular necrosis observed in 
sections stained with hematoxylin and eosin. 


TABLE V. SERUM VITAMIN B,, CONCENTRATIONS OF RABBITS BEFORE AND AFTER CCl, 
ADMINISTRATION 


SERUM B,, CONC. | 90 pER CENT 
BEFORE CCl, AD CCl, DOSE SERUM B,, CONC. AT 24 HR. | SERUM B,, CONC. AT 48 HR. 
MINISTRATION INJECTED |APTER CCl, ADMINISTRATION | AFTER CCl, ADMINISTRATION 
NO. OF (mypg/ ML. ) (ML./KG. (mypg/ML. ) (myg/ML. ) 
RABBITS | FREE FORM | TOTAL B. W.) FREE FORM TOTAL FREE FORM TOTAL 
1 19.0 67.0 1.0 19.0 (100)* 141.0 (210)* 44.0 (231)* 244.0 (349) * 
10.5 49.0 1.0 14.0 (133) 64.0 (130) 5( 43) 136.0 (278) 
14.4 36.0 1.0 - 77.6 (539) 135.5 (376) 
29.6 72.0 1.0 57.6 (194) 262.0 (364) 
49.0 1.0 35.5 (135) 200.0 (408) 


4. 
4. 
‘ 

D. 


44.0 0.5 - 43.8 (201) 102.0 (234) 
50.0 0.5 15.0 (120) 148.0 (296) 
50.5 0.5 20.5 (137) 129.5 (256) 


43.0 - 14.6 ( 92) 36.0 ( 84) 
16.0 j 15.0 ( 94) 8.0 ( 81) 16.0 (100) 
Average 7. 47.7 ; 

*Bu conc. after CCl administration 
‘iz conc. before CCl administration en Se eee) 

In the rabbits given only 0.5 ml./Kg. B.W. of 20 per cent CCl, solution, 
the neerotie area in the liver lobules was slightly smaller than in those given 
| ml. Nevertheless, the characteristics and the course of the histologie changes 
were similar in both eases. 

In summary, the characteristics of liver damage after CCl, administra- 
tion were the following: central necrosis of the liver lobules, followed by the 
deposition of fat and the disappearance of glycogen and the pyroninophilic 
substance in central and middle regions of the lobules. These data have 
been already cited by many workers.' *° 

Effect of CCl, Administration on Serum Vitamin B,, Levels of Rabbits. 
In this experiment 10 rabbits were divided into 3 groups as shown in Table V. 
Five were given 1.0 ml. and three 0.5 ml. of 20 per cent CCl, solution, the third 
group served as a control and received nothing. Blood was obtained by heart 
puncture before and at 24 and 48 hours after CCl, administration. The serum 
specimens were assayed for the vitamin B,. activity, and the results in Table 
V show that the serum vitamin B,, levels were increased remarkably after 
CCl, administration. In the animals given 1.0 ml. of 20 per cent CCl, per 
kilogram of body weight, the average increase of total vitamin B,. activity 
in the serum at 48 hours after the administration of CCl, was 3.6 times nor- 
mal, In those given 0.5 ml. of 20 per cent CCl,, the increase was 2.6 times 
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normal. The difference in these values almost corresponds to the difference in 
extent of the necrotic areas in the liver tissues of both cases. The free form of 
serum vitamin B,. was also increased about 1.3 to 5.4 times at 48 hours after 
CCl, administration except for Rabbit 2, and, in this case, an increase was 
noted later. 

To ascertain whether the increase of the vitamin B,, activity in the serum 
was due to true vitamin B,., the changes in vitamin B,, activity of serum 
supernatant (obtained as described above) by heating in NaOH solution at a 
final concentration of 0.1 N for 30 minutes at 100° C. were examined.® The 
results are shown in Table VI. Alkali stable fraction of vitamin B,. activity 
was only about 5 per cent of the total activity in both sera before and after 
CCl, administration. It is evident that the increase of the serum vitamin 
B,. activity after CCl, administration is due to vitamin B,,. itself almost 
entirely. 


TABLE VI. Errect oF ALKALINE HEATING ON SERUM VITAMIN B,, OF RABBITS BEFORE AND 


AFTER CCl, ADMINISTRATION 


SERUM B,, CONC. (mpg/ML. ) 


B,, ACTIVITY AFTER 
RABBITS CCl, ADMINISTRATION TOTAL ALKALINE HEATING 


NO. OF 


3 a Before 36. 2.4 (6.6)* 
3 After 35.£ 7.6 (5.7) 
} Before 2. 3.6 (5.0) 
+ After 262. 12.8 (4.9) 


*Ratio to total vitamin Bw concentration (per cent) 


Fig. 1 shows the course of the serum vitamin B,, levels of Rabbits 1 and 
2 given 1 ml. of 20 per cent CCl, with Rabbit 10 serving as a control. The total 
serum vitamin B,. levels reached their maximum within 2 or 4 days and con- 
tinued for about 10 days; thereafter they declined gradually and returned to 
pretreatment values by the thirty-first day. The free form of the serum vitamin 
B,. also reached its maximum within 2 or 4 days and then returned to the 
pretreatment values by the end of the first week. 

Fig. 2 shows the course of the serum vitamin B,, levels of Rabbits 6 and 
7 which were given 0.5 ml. of 20 per cent CCl,. The total serum vitamin B,. 
levels reached their maximum within 2 or 4 days, as did those of the rabbits 
shown in Fig. 1, but the maximum levels were lower and the duration shorter. 
The total vitamin B,, levels had returned to the pretreatment values by 10 or 
18 days. The free form of the serum vitamin B,,. was inereased and declined 
in the same manner as in Rabbits 1 and 2 (Fig. 1). 

In the illustrations a close time relationship will be noticed between the 
development of the acute hepatic necrosis and the elevation in total serum 
vitamin B,. levels after CCl, administration. The free form of serum vitamin 
B,. was increased temporarily and declined after the second or fourth day 
when the hepatocellular disintegration ceased and the removal of the debris 


was in progress. The total vitamin B,. levels in serum had begun to decline 


when the regeneration of the liver tissue was almost completely finished. In 
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the rabbits given 1.0 ml. of 20 per cent CCl,, serum vitamin B,, levels returned 
to pretreatment values in about 1 month, while the time in those animals given 
0.5 ml. was 10 to 20 days. 
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with C cl, 
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1.—Changes in the serum vitamin Bi: concentration of rabbits given 1.0 ml. of 20 per cent 
CCl per kilogram of body weight. 
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Fig. 2.—Changes in the serum vitamin Bi: concentration of rabbits given 0.5 ml. of CCk 


Distribution of the Vitamin B,, Activity in Paper Electrophoretic Frac- 
tions of Rabbit Serum Before and at 48 Hours After CCl, Administration.— 
Typical results showing the distribution of the vitamin 3,2 in the electro- 


phoretie fractions of serum are given in Fig. 3. It will be seen that the vita- 


min B,. activity of normal rabbit serum was found mainly in alpha and beta 
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globulin fractions. The peak of the greatest vitamin B,, activity corre- 
sponded with the alpha globulin band, and increases in vitamin B,, after CCl, 
administration were found in the same fractions. Electrophoretic patterns of 
rabbit serum protein were less definite than those of human serum protein. 
From the electrophoretic study the inerease in serum vitamin B,, after CCI, 
administration could not be differentiated from the vitamin B,. 


naturally pres- 
ent in the serum. 
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Fig. 3.—Distribution of the serum vitamin By in a rabbit before and after CCl administration 
(0.1 ml. of serum from Rabbit 7 before and at 48 hours after injection was used). 
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4.—Changes in the liver vitamin By concentration of rabbits given CCl 
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Effect of CCl, Administration on the Vitamin B,, Content of Rabbit 
Livers.—The vitamin B,,. content of the liver tissues of untreated rabbits is 
shown in Table VII. The liver vitamin B,. levels of untreated normal rab- 
bits ranged from 0.34 to 1.00 ng per Gm. of wet tissues with a mean of 0.58 


TABLE VII. ViITAMIN B,, CONCENTRATIONS OF RABBIT LIVERS BEFORE AND AFTER CCl, 
ADMINISTRATION 


INTERVAL 
CCl, DOSE LIVER B,, CONC. BEFORE AFTER CCl, 
INJECTED CCl, ADMINISTRATION ADMINISTRA- LIVER B,, CONC. AFTER CCl, 
NO. OF (ML./KG. (pg PER GM. WET TION ADMINISTRATION 
RABBITS TISSUE ) ( HOURS ) (ug PER GM. WET TISSUE ) 
11 1. 0.59 4 48 0.49 (83) | 
Average ‘ A 
12 d 0.80 _ 48 0.12 (15 
of 
Rab 
bits 11 
» to 16 
; ——t Gee 


Average 
of Rab 
bits 11 


48 0.30 L 
to 16 
) 


5 
48 0.56 (5 
+8 0.15 (3 
72 0.20 (5 


3) 
6) 
H 6 


0.30 (50) 


l 
| 
| 
l 


( 5) 
17 57 0.48 (84) 
18 ol — 0.30 (88) 


*Ratio to By concentration before CCl administration (per cent) 


TABLE VIIT. CHANGES IN VITAMIN B,, CONTENT AND WEIGHT OF WHOLE LIVER OF RABBITS 
ArrerR CCl, ADMINISTRATION 
WEIGHT OF LIVER B,, CONC. B,, CONTENT OF 
NO. OF LIVER (pg PER GM. W HOLE LIVER 

TREATMENT RABBITS (GM. ) WET TISSUE ) (pg) 

CCl,-intoxieated : 98.0 26 25.48 

rabbits 2% 92.5 2 22.20 

95.0 36 34.20 

88.0 " 35.20 

Average 93.4 : 0.3! 29.27 

Nontreated 26 75.5 5 40.77 

rabbits 27 86.0 } 40.42 

28 72.0 7 51.12 

29 64.0 96 61.44 

Average 74.4 .67 48.44 
ug. To determine the change in the liver vitamin B,, levels of the same ani- 
mal after CCl, administration, a small block (as much as 200 to 300 mg. of wet 
liver tissue) was resected at laparotomy. Twenty-four hours later 1.0 ml. of 20 
per cent CCl, was injected, and, at various time intervals, liver tissue was re- 
sected in the same way. As a control to examine the effect of the resection of a 
small block of liver tissue, 2 animals were similarly treated without the in- 
jection of CCl,. The results are shown in Table VII and in Fig. 4. The vita- 
min B,. content of the liver tissues of rabbits given CCl, had been decreased 
markedly within 48 hours. The extent of the decrease of the liver vitamin 
B,. levels of 6 rabbits at 48 hours after CCl, administration was from 17 to 
85 per cent of the pretreatment values with a mean of 50 per cent, while that 
of 2 control rabbits was 13 and 15 per cent with a mean of 14 per cent. From 
these mean values, 36 per cent of the decrease of the liver vitamin B,, levels 
might be attributed to CCl, intoxication. The decrease of the liver vitamin B,,. 
levels began to recover from the effect of CCl, injection after the fourth day. In 
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a case which was examined for 22 days after CCl, injection, the extent of recov- 
ery of the liver vitamin B,, levels was 80 per cent of the pretreatment value. In 
this respect the recovery of the vitamin B,, storage in the liver seemed to be 
slower than that of the histologic damage. However, because the slight de- 
crease of the vitamin B,.. content of the liver tissues was observed even after 
the resection of a small block of the liver tissue, the influence of the repeated 
partial hepatectomies on the retardation of the recovery of the vitamin B,, 
storage in the liver had to be considered. 


TABLE [X. INTRACELLULAR DISTRIBUTION OF VITAMIN B,, IN RaBBit LIVER HOMOGENATES 


NORMAL LIVER LIVER OF A RABBIT GIVEN CCl,* 
CONTENT OF CONTENT OF 
CONTENT OF B,, NITROGEN CONTENT | CONTENT OF B,, NITROGEN CONTENT 
myg PER MG. PER or B,, myg PER MG. PER oF By, 
GM. WET | PER | GM. WET | PER (mpg GM. WET | PER | GM. WET | PER (mpg 
FRACTIONS TISSUE | CENT | TISSUE | CENT | MG. N) TISSUE | CENT | TISSUE | CENT | MG. N) 


Whole homoge- 
nates 540 38.i 14.0 260 31. 
7.3 48 ‘ 24.2 


Nuclear fraction 57 
Mitochondrial 

fraction 281 $3.2 af y 5. 19.0 
Microsomal frac 

tion ; of 3. 4.2 a 1.9 5.2 17.0 
Supernatant fluid 

fraction 182 34.4 16. 2 . 28.2 12.2 39.9 
Total of fractions 528 100 37. 255 100 36.6 100 
Recovery (per 

cent) 97.7 96.3 97.4 97.4 


*Dose of CCl administered 1.0 ml. per Kg. body weight of 20 per cent CCl 


To determine the changes in vitamin B,. content of the whole liver after 
CCl, administration, 4 untreated rabbits and 4 rabbits given 1.0 ml. of 20 per 
cent CCl, 48 hours previously were sacrificed. The vitamin B,. content and total 
weight of the livers were estimated, and the results are shown in Table VIII. It 
will be seen that the total weight of the liver was slightly higher and vitamin 
B,. content was markedly lower after CCl, administration. When compared to 
average values, the vitamin B,. content of the whole liver of rabbits given 
CCl, was decreased to almost half that found in the livers of untreated rab- 
bits. From the data shown in Table V it can be estimated that the average 
value of the vitamin B,. amount which was increased in the serum within 48 
hours after 1.0 ml. CCl, was 141 myg per milliliter. If the amount of the total 
serum circulating in a whole body is 4.5 per cent of body weight,’* the average 
amount of the total serum of rabbits weighing 2.5 Kg. is 113 ml. Then the 
vitamin B,. amount which was increased in the total serum ecireulating in a 
whole body within 48 hours after CCl, administration was 15.9 pg. It may 
be compatible with the value (19.2 ng) which was the difference between the 
average vitamin B,. contents of the whole livers of untreated rabbits and 
CC]l,-intoxicated rabbits. 

Intracellular Distribution of the Liver Vitamin B,, in Both Normal and 
CCL -Intoxicated Rabbits—Liver tissue homogenates from both a normal rab- 
bit and a rabbit given 1.0 ml. of 20 per cent CCl, 48 hours previously were 
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fractionated by centrifugation into nuclear, mitochondrial, microsomal, and 
supernatant fluid fractions. The vitamin B,. content of whole homogenates and 
also of each fraction was determined by the same procedures as described before. 
The results are shown in Table IX. Vitamin B,. in the normal liver cells was 
distributed mainly in mitochondrial and supernatant fluid fractions and searcely 
in other fractions. Although some of the vitamin B,, activity in the nuclear 
fraction was shown, it might have been due partially to cell debris retained 
in this fraction. The vitamin B,. content in mitochondrial fraction was the 
highest, above half that found in whole cells. In the fatty liver due to experi- 
mental hepatie necrosis the vitamin B,, contents in whole homogenates and 
in mitochondrial and supernatant fluid fractions were decreased significantly. 
The degree of the decrease was slightly higher in the supernatant fluid than 
in the mitochondrial fraction. In nuclear and microsomal fractions the de- 
crease of vitamin B,. was not as significant as in the microchondrial and super- 
natant fluid fractions. 


Distribution of Vitamin B,, Activity in Paper Electrophoretic Fractions 
of Rabbit Liver Homogenates.—Paper electrophoresis of liver homogenates 
was used to clarify the electrophoretic mobility of vitamin B,, in rabbit liver 
cells. Ten per cent homogenates of the liver tissue from a normal rabbit in 
0.25 M sucrose solution was prepared. Two examinations were made: one 
was the suspension after removal of cell debris and nuclear fraction and the 
other was the supernatant fluid after removal of all particulate fractions. 
The results are shown in Figs. 5 and 6. In the liver tissue suspensions which 
included particulate fractions there were two peaks of greatest vitamin B,, 
activity. One corresponded to the point of application of the material to the 
paper and the other to the beta globulin band on the control serum strip. In 
the ease of the supernatant fluid fraction, however, there was only one peak 
of greatest vitamin B,, activity and it corresponded to the serum beta globu- 
lin band. From these results it is apparent that the vitamin B,, activity de- 
posited at the point of application is due to particulate materials, especially 
to mitochondrias. As shown in Fig. 5, the vitamin B,, activity remaining near 
the origin of application of the homogenates is about 60 per cent of the total 
vitamin activity recovered from the paper strip. If the particulate materials 
in the homogenates without the nuclear fraction were deposited at the point 
of application, this value may be compatible with the value calculated from 
the results shown in Table IX. 

Effect of CCl, Administration on Urinary Excretion of Vitamin B,, in 
Rabbits —To determine changes in the urinary exeretion of vitamin B,, dur- 
ing CCl, intoxication, the vitamin B,, content in every 24-hour urine collee- 
tion was measured in Rabbits 1 and 2 for a period of 33 days (3 days before 
to 30 days after CCl, administration). Vitamin B,,. in the urine appeared 
to be in a free form and no additional vitamin B,, activity was obtained by 
heating the urine. Results are shown in Figs. 7 and 8. It is seen that the 
24-hour urine quantities were diminished markedly for a week after CCl, 


administration, probably due to a toxie nephrosis provoked by CCl,, with a 
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concomitant decrease in the vitamin B,, content. Urine quantities and the 
vitamin B,. excretion then returned to normal until 10 days after CCl, adminis- 
tration at which time there was an increase. The vitamin B,. exeretion, in par- 
ticular, was markedly elevated until 22 days after CCl, administration. The 
elevation then declined gradually, and the values were almost normal after a to- 
tal of 30 days had passed. The time relationship between changes of the urinary 
vitamin B,, exeretion and the serum vitamin B,, levels ean be clearly detected. 
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Fig. 6.—Migration of vitamin By on paper electrophoresis of supernatant fluid fraction of rab- 
bit liver homogenates. 
The decrease of urinary vitamin B,, excretion was concomitant with an in- 
crease in the serum vitamin B,. levels, and vice versa, the increase of the 
former corresponded to the decline of the latter. The elevation of the serum 
vitamin B,. levels after CCl, administration eould not, of course, be inter- 


preted simply by the retention of vitamin B,, in the urine. Forty-eight hours 


after CCl, administration, the increase in total serum vitamin B,,. could be 
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calculated to be about 16 yng, but the apparent vitamin B,. retention for this 
period was only a few micrograms. Therefore, the disturbanee of the urinary 
excretion of vitamin B,, seemed to have little effect on the elevation of the 
serum vitamin B,. levels after CCl, administration, in contrast to the change 
of the vitamin B,, storage in the liver. 


DISCUSSION 


A single injection of CCl,, in the doses described, produced markedly 
severe histologic damages of the liver; however, the damages were only tem- 
porary and recovery was rapid and without histopathologic change. 

In the studies reported here, the following points have been clarified. 
(1) The elevation in the serum vitamin B,. levels after CCl, administration 
in rabbits has a close time relationship to the development of acute hepatic 
necrosis and to the decrease of the vitamin B,. storage in the liver. (2) The 
elevation is grossly proportional to the severity of the liver damages pro- 
voked by CCl,. (3) The amount of total serum vitamin B,. which is increased 
within 48 hours after the administration of CCl, has a quantitative relation- 
ship to the amount of vitamin B,. which is decreased in the whole liver. These 
facts suggest strongly that the increase of the serum vitamin B,, levels is due 
to the release of storage vitamin B,, into the blood stream which occurs fol- 
lowing the hepatocellular disintegration due to CCl, intoxication. The effect 
of CCl, is not limited, of course, only to the liver; the kidneys and the in- 
testinal tract may also be involved. In fact, except for the liver, the kidneys 
may be the most important organ for the storage of vitamin B,,.. The prob- 
lem of the release of vitamin B,, storage from the kidneys after CCl, may be 
neglected because of the lower vitamin B,. content. 

The bound form of serum vitamin B,. was much more markedly in- 
creased in rabbits given CCl,, but the increase of the free form was less 
marked and temporary. Jones and associates‘ have reported that patients 
with acute hepatitis have large amounts of the free form of serum vita- 
min B,,. but have very little increase in the amount of the bound form. 
The proportional amount of the free form of the serum vitamin B,, levels 
varies with the animal species.*" 2 This may partially account for the dif- 
ference in the increase between patients with acute hepatitis and rabbits with 
experimental hepatic necrosis. In normal human subjects, the bound form has 
been found in the alpha globulin fraction,® 7 and the free form has been re- 
covered mainly from the beta globulin fraction by paper electrophoresis.° 
However, the free vitamin B,, may not be free in the true sense of the word 
inasmuch as it seems to have a loose binding with protein in the beta globulin 
fraction.® In normal rabbit serum the vitamin B,, is located mainly in the 
alpha and beta globulin fractions and, as shown by paper electrophoresis, the 
peak of greatest activity is in the alpha globulin fraction. The vitamin B,, 
increased in rabbit serum after CCl, administration could not be differentiated 
by paper electrophoresis from the vitamin existing naturally before the treat- 
ment. Vitamin B,,. in the supernatant fluid fraction of rabbit liver homog- 
enates might be bound to a protein which has an electrophoretic mobility 
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similar to the beta globulin fraction of rabbit serum. Pitney and co-workers” 
have reported that vitamin B,,. in human liver exists as a loosely bound pro- 
tein complex with an electrophoretic mobility similar to that of serum beta 
globulin. They have also stated that in some experiments there was a second 
peak of vitamin B,,. activity at the point where the liver homogenates were 
applied to the paper. It is most likely, from the present studies, that the peak 
of vitamin B,,. activity near the point of application is due to the vitamin B,, 
in particulate fractions, especially in the mitochondrial fraction. Vitamin 
3,. in rabbit liver is available to L. leichmannii as free vitamin B,. without 
preliminary heating, and this fact has been observed in the vitamin B,. of 
human liver.** It can be hypothesized, therefore, that the nature of the free 
form of serum vitamin B,,. is identical with the vitamin present in the super- 
natant fluid fraction of rabbit liver cells. If this is the case, the increase 
of free form of serum vitamin B,, in patients with acute hepatitis or in rab- 
bits with experimental hepatic necrosis is due to the release of vitamin B,, 
beta globulin complex in the damaged liver cells. But in rabbits with experi- 
mental hepatic necrosis the increase of the bound form of serum vitamin B,, 
was much more marked, and there seems to be a transfer mechanism whereby 
vitamin B,. bound to beta globulin in liver cells is carried to specifie vitamin 
B,.-binding proteins in the serum. 

Intracellular distribution of vitamin B,. in normal rabbit liver is similar 
to the result reported by Swendseid and associates** in their studies on rat 
liver. More than 50 per cent of the vitamin B,,. content in rabbit liver is dis- 
tributed in the mitochondrial fraction. Considering the possibility that the 
vitamin B,. present originally in mitochondria is partially released during 
homogenation and fractionation, more concentrated vitamin B,. may exist 
in mitochondria of the intact liver cells. Vitamin B,, is markedly decreased 
in the mitochondrial fraction of the damaged liver cells, and this fact seems 
to be related to findings that cytochrome c*° and pyridine nucleotides,** the 
substances known to be concentrated in mitochondria, are also decreased 
after CCl, administration. 

The 24-hour urine quantities were diminished for a week after CCl, ad- 
ministration, probably due to a toxie nephrosis which resulted from the 
intoxication of CCl,, and there was a coneurrent decrease in vitamin B,. ex- 
cretion. Jones and associatest have reported that the amount of vitamin B,. 
in the urine appears to be closely related to the amount of free form of serum 
vitamin bB,, both in normal persons and in patients with liver disease. In rab- 
bits such a correlation was not observed, but in these eases the CCl,-induced 


kidney injury was different from the injury in patients with liver diseases. 


Yamamoto and associates*’ studying the effect of CCl, injury on plasma and 


liver vitamin B,, levels in rats have reported that CCl, increases the serum 
vitamin b,. levels and also the urinary excretion of vitamin B,. of rats fed a 
casein diet. Their results on the urinary excretion of vitamin B,. are different 


from ours, although they did not determine the total amounts of the urinary 
excretion of vitamin B,,. 





ered 4 EFFECT OF HEPATIC NECROSIS ON VITAMIN B,, LEVELS 379 

It has been reported that administration of vitamin B,, protects rats from 
the liver damages by CCl, intoxication to a considerable degree.2* 2° The 
protective action of vitamin B,. seems to be conflicting with the fact that 
pathologie high levels of serum vitamin B,,. result from CCl, intoxication. 
Mechanism of the protective action should be investigated from the other 
point of view. 


SUMMARY 

Serum vitamin B,, levels of rabbits given CCl, were rapidly and markedly 
increased, and concomitantly the vitamin B,,. content of the liver was de- 
creased. These have a close time relationship to each other and to the 
development of acute experimental hepatie necrosis. The increase in serum 
vitamin B,,. levels was grossly proportional to the severity of the liver dam- 
ages and had a quantitative relationship to the decrease of the vitamin B,. 


content of the liver. The increase of serum vitamin B,, levels was mainly 


due to the increase of bound form of vitamin B,., and the increase of free 
form was less marked and temporary. Serum vitamin B,, levels of rabbits 
given CCl, declined after the hepatic damages were restored almost com- 
pletely. The serum vitamin B,,. of rabbits was located mainly in alpha and 
beta globulin fractions of serum protein, and vitamin B,. inereased in the 
serum after CCl, administration was also located in the same fractions. Over 
half of the vitamin B,. content in normal rabbit liver cells was distributed in 
mitochondria; in the cells of the CCl,damaged liver vitamin B,. content in 
mitochondria was markedly decreased. The urinary exeretion of vitamin B,. 
in rabbits was diminished for a week after CCl, administration due to renal 
damages provoked by CCi,; thereafter it was increased gradually showing a 
time relationship to the decline of serum vitamin B,, levels. From the results 
of the present studies it was strongly suggested that when the liver cells are 
damaged and lapse into acute necrosis, storage vitamin B,. in the cells is 
rapidly released into the blood stream, and pathologie high levels of serum vita- 
min B,. oceur. 

We wish to express our gratitude to Prof. K. Ogasawara and Prof. 8. Hibino for their 
encouragement throughout these studies. 
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STUDIES OF ACID MUCOPOLYSACCHARIDE METABOLISM IN HUMAN 
SUBJECTS GIVEN RADIOACTIVE SULFATE INTRAVENOUSLY 
CLAYTON Ricu, M.D. 

New York, N. Y. 

CID muecopolysaccharides (APS) are widely distributed throughout the 
body, particularly in mesothelial tissues, but are found elsewhere and are 
present in serum and urine.’ Although chondroitin sulfate appears to be the 
major APS of serum and urine,* * * * hyaluronic zcid also is present in serum® 
and may occur in low concentration in urine.® 
The concentration of APS in serum or iis rate of exeretion in urine has 
been found to be increased in patients with rheumatoid arthritis,” '° lupus ery- 
thematosus,'’ cancer, leukemia, and other malignant diseases,*'* and during 
rapid growth in childhood.'* These states are associated with abnormal or rapid 
connective tissue metabolism; a fact compatible with the suggestion that the con- 
centration of APS somehow reflects the metabolic state of APS containing tissues 
of the body. However, because subjects with many of these states have other 
features in common, such as inereased concentration of mucoproteins in 


serum,'® '* '* 15 no definite conclusion can be drawn as to the source of APS of 
serum and urine. 

This article reports the changes in specific activity of sulfate and APS of 
urine after administration of tracer quantities of carrier-free radioactive sulfate 
(S**) to human subjects.* The studies were undertaken to see if systematic 


differences of APS metabolism could be demonstrated between normal subjects 
and patients with abnormal bone metabolism. Although the observed changes 
were relatively minor and inconsistent, the data did yield new information as to 
the kinetic state of APS of serum and urine, and for this reason are presented 
here. 


METHODS 


One or two doses of between 100 and 250 we of carrier-free sulfate 835 were given by 
vein to 5 subjects. Blood and urine samples were collected during the following 5 to 22 
days. Concentration of total and inorganic sulfate in urine was determined by gravimetric 
analysis!6 and of total sulfate of serum by isolation as benzidine sulfate!7 and subsequent 


measurement of ultraviolet absorption. Urinary APS was isolated,1§ dialyzed against run- 


ning tap water for 24 hours, and its glucuronic acid content determined. Particular samples 


collected during the first, third, and fifth days were incubated with trypsin; the trypsin was 
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precipitated with trichloroacetic acid and the supernate dialyzed.s Nondialyzable mate- 
rial was then concentrated and its glucuronic acid content measured. Other samples pre- 
pared in the same way were dried over P,O, and analyzed by methods described else- 
where. Radioactivity of aliquots of serum, urine, and urinary APS (hydrolyzed by HCl) 
was determined after addition of sufficient carrier sulfate to permit precipitation of 4 
mg. sulfur as BaSQ,.19 

Freshly voided samples of urine from other subjects not given S*5 were mixed with 
sulfate S85, APS was then isolated and dialyzed against running tap water as described 
above, either immediately after addition of 835 or after 16 hours of incubation at 4° or 
37° ©, The concentrations of glucuronic acid and radioactivity of the APS were then 
measured, 

The radioactivity of each sample (urine, APS, or serum) was compared to that of 
a standard equal to a known fraction of the administered dose of 8%5, The concentration 
of sulfate in the same samples was measured or calculated as described below and the 
specific activity expressed as per cent of the administered dose per gram of sulfur. The 
sulfur concentration of urine was determined by individual analysis of each sample. The 
concentration of sulfur of individual samples of APS of urine was calculated from the 
measured concentration of glucuronic acid by use of the assumption that sulfur and glu- 
curonic acid were present in equimolar quantities. This assumption is justified by theo- 
retical considerations, by results of analysis of other samples of urinary APS,5.* and 
from analysis of samples from two of the experiments reported in this study (molar ratios 
of sulfur to glucuronie acid of 1.0 and 1.3). The sulfate concentration of a sample of 
pooled serum was measured. Because serum sulfate concentration is relatively constant, 
and beeause the fall of S8*®5 concentration was so great that small changes of sulfate con 
centration would make relatively little difference to the specifie activity curve (Fig. 1), 
it was assumed, for the purpose of calculating specific activity, that the serum sulfate 
concentration did not change significantly during the experiment. The specific activities 
of serum and urine sulfate and urinary APS were plotted on semilogarithmic ordinates 
against the time of the mid point of each collection period. It was found that the re 
sulting die-away curves for specific activity could be decomposed by conventional graphic 


methods into three exponential rates. 
RESULTS 

Fig. 1 presents the rates of fall of specifie activity of serum and urine sulfate 
and of isolated urinary APS sulfate from a normal female patient given a dose 
of earrier-free S*°. The measured concentration of sulfate in serum was 3.1 mg. 
per 100 ml. In this and one other subject, the specific activity both of total and 
of inorganic sulfate of each sample of urine was determined. No significant 
difference was observed between the specific activity of total and inorganic 
sulfate, an expected result because of the small amount of organic sulfate present. 
In other studies, specific activity of total sulfate only was caleulated. 

It can be seen that specifie activity of sulfate of blood and urine fell at 
similar extremely rapid rates, but that the specifie activity of urinary APS 
fell much more slowly. An indication of the variation between patients can 
be found in Table I where the specific activities of the sulfate and APS on the 


fifth day are compared, and in Fig. 2 where the average values and standard 


deviations of sulfate and APS of urine are shown. In every ease the specific 


activity (sulfate or APS) fell by a single exponential rate from the fourth day 
until the end of the study (in one subject for 22 days). Important clinical data 


and the average daily rate of excretion of APS (based on analysis of at least 
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two 24-hour urine collections for each subject) are shown in Table I. APS 
excretion rates were normal'* in every subject, except for one with osteoporosis 
in whom it was consistently low. 


TaBLe I, CiinicaL DATA AND SPEciFIc Activiry oF URINE SULFATE AND APS ON THE FIFTH 
Day AFTER 835 Was GIVEN 








| APS EXCRETION | im 

(MG./DAY OF | SPECIFIC ACTIVITY 5 DAYS AFTER 

DOSE OF etucuronic |__'885 (% 835/em. 8) 

DIAGNOSIS SE) $35 (pe) | ACID) URINE SULFATE | APS 

Normal 4 2% 100 S 0.90 

Normal* ’ I 216 5 0.57 

Normal ) j : 107 4.7 1.28 
Hyperthyroid t | +100 
Osteoporosis g 250 

Paget’s disease M 56 250 











*Subject of study presented in Fig. 1. 
*The second study was started on the ninth day of a 28-day course of treatment with 
1-triiodothyronine, 0.150 mg. daily by mouth. The two doses of S® were given 60 days apart. 


The ratios of concentration of glucuronic acid to radioactivity of prepara- 
tions of APS were not changed significantly by incubation with trypsin. The 
samples had the characteristic metachromatic staining reaction and chromato- 
graphie mobility previously deseribed for urinary APS and similar to that of 
* The specific activity of APS isolated from urine after 
in vitro incubation with sulfate S*° was never more than 0.008 per cent of the 


chondroitin sulfate. 
specific activity of sulfate isolated from the same sample of urine. 


DISCUSSION 

Although various aspects of APS metabolism are poorly understood, some 
features may be noted. When expressed as glucuronic acid, the concentration 
of APS in normal serum is about 2.8 mg. per liter* and the rate of excretion in 
urine from 2.7 to 7.3 mg. per day.** Most APS of urine is excreted from the 
blood, a faet shown by direct observation®® and borne out by the finding that 
abnormal rates of excretion occur in generalized states rather than in urinary 
tract disease. Although the mechanism of its exeretion has not been studied, 
it has been shown that increased rates of excretion oceur in states known to be 
associated with increased concentrations of APS in serum.® *® 1° 26 

The subjects of this study were chosen to allow comparison of excretion of 
S** by normal subjects with that of patients with bone diseases characterized 
by abnormal rates of bone formation. Relatively small differences were observed 
between the rates of fall of specifie activity of urinary sulfate or of APS of 
these various subjects. The specific activity of sulfate and APS of one subject 
fell more rapidly when she was made hyperthyroid than during a control period. 
This finding is consistent with the general acceleration of metabolie processes 
during thyrotoxicosis. 

The specific activity of sulfate of serum was similar to that of urine until 
the fourth day after S*° was given and then exceeded that of urine (Fig. 1). 
By this time the specific activity of inorganic sulfate had dropped to about 1 





Number 3 


Volume 54 ACID MUCOPOLYSACCHARIDE METABOLISM 885 


per cent of its highest value. It is presumed that the specifie activity of inor- 
ganic sulfate of blood and urine remained equal, and that the extra concentra- 
tion of S** measured in the blood during the fourth and fifth days was a con- 
tribution from organie compounds containing S*°. 


The urinary acid mucopolysaccharide was found to contain appreciable 


amounts of S*° even during the first 9 hours after S*° was given. This did not 
appear to be present as a result of absorption, inasmuch as the radioactivity of 
the APS was not changed by incubation with trypsin and dialysis. Further- 
more, APS of urine incubated in vitro with S*° was essentially free of S*° after 
dialysis. The facts that the specific activities of APS of the first urine samples 
collected (usually from 0 to 9 hours; in one subject from 0 to 4 hours after 
administration of S**) averaged 48 per cent of those of sulfate of the same 
urines, and that the average fall of specifie activity of APS during the next 24 
hours was to 22 per cent of its highest level, suggest that part of the APS of 
urine is very rapidly synthesized and excreted. It has been shown that some 
gastrointestinal mucins have such rapid turnover rates.*! The data presented 
here do not show whether the high early specific activity of APS and its subse- 
quent rapid fall are the result of excretion of some rapidly metabolized fraction 
of APS of serum or of contamination of the samples with mucins from the 
lower urinary tract. However, in either case, it is probable that the APS re- 
sponsible for this high early specific activity; because of its rapid turnover, 
would continue to reflect the specific activity of inorganic sulfate. To the extent 
that this is so, an approximate estimation of the specific activity of other 
sulfated APS of serum can be obtained by subtracting the specifie activity of 
sulfate from that of APS (shown by the dashed line of Fig. 2). 


This suggests 
that after 48 hours, the specifie activity of such APS fell at a single exponential 
rate. This rate varied from subject to subject (half time of from 3.0 to 11.0 
days for individual patients and of 5.3 days for the averaged data charted in 
Fig. 2) with a mean of 13 per cent per day. Reported half times for chondroitin 
sulfate isolated from skin and cartilage of adult rats and rabbits are from 7.7 
to 17 days.**"** No similar studies have been carried out in man, but because 
metabolic processes of small mammals are generally more rapid than those of 
human beings, even slower rates might be expected. The turnover rates of 
APS of serum indicated by this study are comparable to those of serum globu- 
lins of human subjects.*® 


SUMMARY AND CONCLUSIONS 


1. The specific activity of the total sulfate of serum and urine and of acid 
mucopolysaccharides of urine was measured during the first 5 to 22 days after 
intravenous administration of sulfate S*° in 7 tests of 5 adult human subjects. 

2. Specific activities of serum and urinary sulfate fell precipitously to low 
values by somewhat similar rates for all subjects studied. 

3. The specific activity of acid mucopolysaccharide, at first lower than that 
of sulfate, fell less rapidly so that it became equal to and then exeeeded that 
of sulfate after the first day. 
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4. The average half time of serum acid mucopolysaccharides was calculated 
to be about 5.3 days. 


I wish to acknowledge the assistance of Mr, James Ievolella. 
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SODIUM EXCRETION IN RENAL DISEASE 


A. E. Parrisu, N. C. KRAMErR,* M. F. Wart,** anv J. S. Howe 
WASHINGTON, D. C. 


HE control of sodium exeretion ultimately depends on the kidney, whether 

this is due primarily to changes in filtration rate’ or tubular reabsorption.’ 
Patients with renal disease often show abnormalities in the way in which they 
handle sodium* that might help in understanding sodium excretion. This study 
was undertaken to investigate (1) the relation between inulin and sodium clear- 
ances in patients with renal impairment and (2) the effect of sodium loading 
on the inulin and sodium clearances in patients with renal disease. 


METHODS 


Patients with renal disease were selected on the basis of an abnormal urinary sediment, 
and/or proteinuria and histologic confirmation by means of needle biopsy or autopsy. The 
degree of renal disease varied from terminal renal insufficiency to little or no functional 
impairment, 

Needle biopsies of the kidneys were done in all patients with the exception of 14 who 
were considered as normal controls. Specimens were fixed, embedded, sectioned, and stained 
with hematoxylin and eosin and by the periodic acid-Schiff technique as previously reported. 
Usually in 3 to 4 days tests of renal functions were performed.5.® Patients were main 
tained on a regular hospital diet containing about 5 Gm. of sodium chloride per day. Prior 
to the measurement of renal function, patients were fasted for 12 hours. At 7:00 A.M. on 
the morning of the tests, 200 ml. of tap water was given by mouth. At 8:00 to 8:30 A.M. 
a priming dose of inulin was given and an infusion containing inulin and sodium p-amino 
hippurie acid (PAH) was started. Thirty minutes later the bladder was flushed with sterile 
distilled water and air. Venous blood samples were obtained through an indwelling needle 
at the mid-point of alternate urine collection periods. Inulin was determined by the method 
of Roe and associates,7 PAH by the method of Smith5 and sodium was measured using a 
Barclay flame photometer with an internal lithium standard. Determinations were done in 
duplicate. 

After 3 control periods, those patients who were chosen for sodium loading received 
100 ml. of 5 per cent NaCl rapidly intravenously (3 to 5 minutes) and specimens were ob 


tained for 3 additional collection periods. Some patients then received no further NaCl 


loads. Others were subjected to one or two additional infusions of 100 ml. of 5 per cent 


NaCl, and the collection periods were continued. In those patients receiving 1 or 2 in- 
fusions of NaCl, 3 urine collection periods and 2 venous blood samples were obtained each 


time. In those who received 3 separate infusions of NaCl only 2 urine collection periods 
and 2 venous blood samples were obtained after each infusion. 
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RESULTS 
Sodium and inulin clearances were determined in 44 patients with renal 
disease proved by renal needle biopsy or autopsy (Table I). It was found 
(Fig. 1) that there was rough correlation between these two clearances (r 
0.7307). In 17 convalescent individuals who had no evidence of renal disease 


TABLE I 


NUMBER 

Nephrosclerosis 4 
Acute glomerulonephritis 14 
Chronie glomerulonephritis 5 
Tubular necrosis 5 
Chronic pyelonephritis 3 
Membranous glomerulonephritis 9 
Amyloidosis 
Myeloma kidney 
Renal vein obstruction" 
Milk-alkali syndrome* 

Total 
Normal 

Total 


*Basement membrane thickening in the glomeruli was the lesion 


either by renal biopsy (3 patients) or clinical findings (14 patients), no such 
relation was seen (Fig. 2). Results from patients with heart failure or from 
those who were within 24 hours of death were excluded. Edema, not con- 
sidered due to heart failure, was found in 2 patients with acute glomerulo- 
nephritis, 2 with membranous glomerulonephritis, 5 with chronie glomerulo- 
nephritis, and one each with renal vein thrombosis and amyloidosis. There was 
no significant correlation in any of the groups between sodium excretion and 
the filtration fraction (Fig. 3). These findings suggested that in renal disease 
there was a relationship between sodium excretion and glomerular filtration. 
In order to test this further the second part of the study was done. Sixteen 
patients were studied by means of sodium loading. Sixteen received 100 ml. 
of 5 per cent NaCl, 9 received an additional 100 ml. of 5 per cent NaCl, and 
+ received a third infusion of 100 ml. of 5 per cent NaCl. The results are 
shown. in Table IT. 

In ealeulating the difference from the mean in the clearance values for 
each patient for the control periods a variation of 7.6 + 10.1 ml. per minute 
was found in inulin clearance and 0.045 + 0.039 ml. per minute in sodium elear- 
ance. Duplicate serum samples gave differences in serum sodium values of 
0.66 per cent. A change in sodium clearance was considered significant when 
the value changed by more than 3 times the mean deviation (0.045 ml. per 
minute) of the control value. Using these criteria 10 patients out of 16 showed 


an inerease in sodium clearance following 100 ml. of 5 per cent NaCl, 8 pa- 


tients out of 9 showed an increase after an additional 100 ml. of 5 per cent 
NaCl, and 3 patients out of 4 after a third infusion of 100 ml. of 5 per cent 
NaCl (Table IT). 
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Fig. 1.—The relation between sodium and inulin clearance in patients with renal disease 
Key: @ nephrosclerosis ; O acute glomerulonephritis; @ chronic glomerulonephritis ; 
A tubular necrosis; O chronic pyelonephritis; © membranous glomerulonephritis ; 


a amyloidosis ; m myeloma kidney; *@ renal vein obstruction; x milk-alkali syn- 
drome. 
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Fig. 2.—The relation between sodium and inulin 
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Three patients had a rise in inulin clearance exceeding 3 times the mean 
deviation of the control. In all 3 patients this occurred following the second 
infusion of NaCl. There was a drop in inulin clearance in 4 patients (Sub- 
jects 4, 11, 13, and 15); however, in one of these patients (Subject 15) the 
inulin clearance again rose. All of these patients had relatively high inulin 
clearance values during the control period. One had no kidney disease, and 
one was recovering from acute renal disease. 
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The relation between sodium clearance and filtration fraction in patients with renal 
aisease. 

Exereted sodium (Table II) inereased in all but one patient. This did 
not parallel filtered sodium in 6 instances, although it agreed with the sodium 
clearance in all but one patient. The per cent of filtered sodium exereted rose 
in all but 4 patients. 

Serum sodium rose to some degree in all but 1 patient and fell in none. 

In these instances it would appear that the change in sodium clearance was 
not always related to an increased inulin clearance. In fact, sodium clearance 
increased in 3 patients whose inulin clearance decreased. 

DISCUSSION 

The problem of sodium exeretion has been the subject of several excellent 
reviews." *° Isotoniec sodium loading in normal man has produced varying 
results. Sodium exeretion is inecreased'’’ while filtration rate may or may 
not rise."' Hypertonic sodium loading increases sodium exeretion and usually 
filtration rate’ **-"® although in some™ there is no reported change. Many ot 
these changes can be explained by an increase in filtered sodium since both 
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serum Na* and glomerular filtration rise. Oral loading with sodium chloride 
inereases the filtration rate but a decrease in the tubular reabsorption of sodium 
seems also to play a part.'* Recent evidence has indicated that an increase in 
the colloid osmotie pressure in the efferent arteriole plays an important role 
in sodium retention in heart failure.* *° This is accompanied by a rise in 
the filtration fraction. This does not seem to hold true in the patients studied 
without heart failure but with renal disease. Nickel and associates*' have 
demonstrated an increased loss of sodium in renal disease. Sodium deprivation 
in these patients resulted in a decreased glomerular filtration rate. From our 
data it would appear that in patients with renal disease there is a correlation 
between inulin clearance (reflecting glomerular disease) and sodium clearance 
suggesting that under ordinary circumstances these two are closely related. 
This suggests that filtered sodium is the more important element in determining 
sodium excretion although other factors (such as tubular reabsorption or lack 
thereof) cannot be excluded. If glomerular filtration were relatively ‘‘fixed’’ 
by disease and if tubular function were merely passive in its effect on sodium 
excretion, then sodium loading in renal disease should produce an increase in 
sodium exeretion only insofar as it increased serum sodium. Under conditions 
of sodium loading in this study, this relation did not always hold true. In 
only 3 patients did inulin clearance rise whereas sodium clearance rose in 11 
patients. Because of the rise in serum sodium, filtered sodium increased in 9 
patients; however, there were several instances where filtered sodium either 
fell or failed to rise even though excreted sodium and sodium clearance rose 
(Subjects 4, 5, 8, 9, 12, and 13). This suggests that although sodium excretion 
usually seems to be related to the rate at which sodium is filtered, there are 
instances where a decreased tubular reabsorption of sodium also appears to 
play a role. This could be due to the fact that the renal tubules are unable 
to reabsorb sodium, i.e., a T,, Na* had been reached or that the tubules exert 
some degree of control over sodium excretion and allow excess sodium to be 
exereted. Previous work?' has also shown that sodium loading in renal disease 
increases sodium excretion out of proportion to the glomerular filtration rate. 

If the former were true these patients would be expected to show greater 
histologic changes in the tubules than the rest of the patients. This did not 
seem to be true. There does not seem to be a relation between the type of renal 
pathology present and the ability to handle sodium. 


SUMMARY 


1. In 44 patients with renal disease proved by autopsy or biopsy sodium 
excretion seemed dependent on filtered sodium. 
2. Sodium loading usually produced an increased filtered load in patients 


with renal disease, but in some instances excreted sodium increased even with- 


out an inerease in filtered sodium, suggesting a lack of tubular reabsorption 
under these circumstances. 
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RENAL FUNCTION IN HUMAN PREGNANCY 
ll. Errects or VENOuS POOLING ON RENAL HEMODYNAMICS AND WATER, 
ELECTROLYTE, AND ALDOSTERONE EXCRETION DurtNG NORMAL GESTATION 


N.S. Assaui, M.D., W. J. Dignam, M.D., anp K. Daseupta, M.D. 
Los ANGELES, CALIF. 


With THE TECHNICAL ASSISTANCE OF M. Ross ANp L. FRIEDMAN 


UMEROUS investigators have shown that venous pooling produced by 

either quiet standing or venous occlusion of the lower extremities causes 
a striking decrease in the excretion of water and electrolytes. Since ethyl 
alcohol, which presumably interferes with the release of antidiuretic hormone 
(ADH) by the neurohypophysis,' inhibits the antidiuresis of quiet standing,’* 
it has been assumed that a major factor in this type of oliguria is an increased 
elaboration of ADH. The antinatriuresis has been attributed in part by some 
authors* ° to the changes in renal hemodynamics, while others* * * have con- 
sidered these changes too small to account for it. 

The role of aldosterone has not been well defined; however, the higher aldos- 
terone output during the day than during the night* 


9 


is attributed by Muller 
and his co-workers* to the upright position. It is generally agreed that several 
clinical and experimental circumstances associated with increased aldosterone 
output have in common either hypovolemia or redistribution of the intravas- 
cular volume from the arterial to the venous side of the circulation.’”** 

Since pregnant women have increased tendeney to venous pooling in the 
lower extremities owing to the increased intra-abdominal pressure and the 
pressure of the heavy uterus on the major vessels, we decided to investigate 
the effects of this pooling on renal hemodynamics and water, electrolyte, and 
aldosterone excretion throughout the course of normal gestation. This prob- 
lem becomes pertinent since pregnant patients commonly accumulate a signifi- 
cant amount of edema in the lower extremities during the day which may dis- 
appear at night or on bed rest. Therefore it was hoped that the present 
studies might provide some information regarding the mechanism of this type 
of edema and at the same time might contribute further to the understanding 
of renal handling of water and electrolytes during venous pooling. 


MATERIALS AND METHODS 


The studies were carried out on 22 normally pregnant subjects who had no previous 


history of cardiovascular or renal diseases and who were divided into 4 groups. 
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The first group (Group I) comprised 7 subjects who volunteered for the study of the 
effects of quiet standing. These studies were performed in each of the 7 patients once 
in the first trimester, once in the second trimester, and once in the third trimester of 
pregnancy and were repeated again 6 to 7 weeks postpartum (2 patients missed the post- 
partum test). The test was carried out in the hospital in a separate and quiet room with 
the patient lying in bed most of the time in the supine position.* On the morning of the 
test, breakfast was omitted and the patient was given an oral water load of 1,000 ml., 
followed by a constant infusion of 5 per cent glucose in water aimed at maintaining a 
positive balance of about 1 liter. A sufficient amount of insulin was added to the infusion 
to prevent glycosuria. Clearances of inulin and para-aminohippurate (PAH) were ob- 
tained by a technique previously described!5 with 30 to 60 minutes of equilibration after 
the priming injection. Blood samples were collected at the mid-point of each period and 
urine was collected by means of an indwelling catheter in the bladder and air washouts. 
Three to four elearances, each of 30 minutes’ duration, were collected in the lying position 
and 4 similar clearances during quiet standing. Several patients exhibited syncope or 
near-syncope while they were standing and were therefore permitted to sit or lie down 
for a brief period of time. Although this did not seem to alter materially the renal effects 
of quiet standing, the severity of the side effects prevented us from prolonging these 
studies through recovery periods. 

The second group (Group II) consisted of 5 patients who were in the last trimester 
of gestation and who served for the limb occlusion experiment. The subjects remained 
recumbent throughout the entire study. Two specially designed inflatable cuffs were 


fitted around the upper thighs and connected to an automatic oecluding device which uses 


Freon as the inflating gas.t After obtaining 3 to 4 control clearances, the 2 cuffs were 
5 


instantaneously inflated to a pressure close to the diastolic pressure and 4 to 5 clearances 
of 20 to 30 minutes each were then collected. The techniques of hydrating the patient and 
of collecting the blood and urine samples were the same as of the previous group, with 
the exception that the rate of water diuresis induced in these patients was higher. 

The third group (Group IIT) consisted of 7 subjects in the last trimester of preg 
naney who volunteered for the alcohol experiment, Of these 7 subjects, 5 received alcohol 
orally and 2 intravenously. Three to four clearances of 30 minutes’ duration were 
obtained in the recumbent position. Then, while still recumbent, each patient ingested 
slowly over a period of 15 to 20 minutes from 100 to 180 ml. of 86 proof bourbon or scotch 
whiskey and 10 to 15 minutes later she stood up and 4 to 5 clearances were obtained in 
the standing position. Hydration and clearance techniques were the same as Group II. 
Blood levels of alcohol were determined during each of these clearance periods. In 2 pa- 
tients, 115 ml. of 10 per cent aleohol was given intravenously over a period of 15 minutes 
prior to standing and 4 clearances were collected in the standing position. 

The fourth group (Group IV) consisted of 3 pregnant subjects (last trimester) on 
whom urinary aldosterone was determined under the following condition: 

Daily sodium intake was limited to 4 Gm. of which 2 Gm. was divided into the 3 
daily meals and the other 2 given at night in the form of tablets of sodium chloride. Since 
assay of this hormone required large aliquots of urine which the acute clearance tech 
nique could not provide, and because of a possible diurnal variation in the excretion of 
aldosterone, control determinations were made on 2 patients during 12-hour periods of 
recumbency followed by 12 hours of ambulation. In the third patient, the periods of 
recumbency and ambulation were reduced to 6 hours. Urine was collected and immedi 
ately acidified to pH 3 and covered with 15 to 20 ml. of chloroform. The output of 
aldosterone, sodium, and potassium were thus computed for each of the 12- or the 6-hour 


periods. 


*In several subjects this position by itself produced oliguria, hypotension, and subjective 
manifestations of imminent collapse similar to that reported by others™ and, therefore, the 
lateral position had to be used When in a given case the latter position did not correct 
the oliguria, the test was discontinued and the patient was excluded from the studies. 

tRobbins Instrument Corporation, Attleboro, Mass. 
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Blood and urine samples were analyzed for inulin, para-aminohippurate, sodium, 
chloride, potassium, and osmolality by methods previously described.15,16 Blood alcohol 
levels were analyzed by the method of Gibson and Blotner.17 Osmolal and free water 
clearances were calculated according to the method of Smith.18 Aldosterone in the urine 
was assayed by the method of Nowaezynski.1® Blood pressure (sphygmomanometer) and 
pulse rate were recorded at frequent intervals throughout the studies. Renal plasma flow 
(RPF) was estimated from the PAH clearance and glomerular filtration rate (GFR) from 


the inulin clearance, 
RESULTS 
Group I. Qwiet Standing.— 


A. Systemic effects: A total of 26 tests on the effects of quiet standing 
were completed on the 7 subjects studied throughout pregnaney and post- 
partum. 

The assumption of the upright position by the pregnant subject produced 
dizziness, fainting, and hypotension which occurred in the majority of in- 
stances within the first 20 minutes after standing. The fall in systolic blood 
pressure varied from 10 to 40 mm. Hg and 10 to 30 mm. Hg for diastolic pres- 
sure. In some patients, the pulse became extremely weak and tachycardic 
whereas in others a bradyeardia was noted. Nausea was observed in approxi- 
mately 50 per cent of the tests and actual vomiting occurred in approximately 
10 per cent. These side effects were more severe after the sixth month of 
gestation, but were less frequent in the postpartum period. 

B. Renal effects: Table I presents the data on renal hemodynamies and 
water and electrolyte excretion obtained from each test carried out throughout 
the course of gestation and in the postpartum period. The averages of the 
last 3 control and of the last 3 collection periods after standing are listed. 
The percentage of fall in urine flow, glomerular filtration rate, renal plasma 
flow, and sodium excretion for each patient is also indicated in order to facili- 
tate comparison of the response to standing. Fig. 1 illustrates a complete 
experiment performed on a patient in the last trimester of pregnancy. Urine 
flow fell moderately within the first clearance period, but in the second, third, 
and fourth periods it fell sharply in every instance. 

Glomerular filtration rate and renal plasma flow showed more variation 
after standing than urine flow. In general, no significant change or a moderate 
fall occurred in the first period, with a further fall in the two subsequent 
periods. In the last period, both glomerular filtration rate and renal plasma 
flow began to rise slightly but the values were still below those of the control 
periods. Despite the variation, if the first clearance after standing was ignored 
because of a possible error from the rapidly changing urine flow and the in- 
fluence of the dead space, and if the second, third, and fourth clearances were 
averaged to determine the response to standing, then both glomerular filtra- 
tion rate and renal plasma flow showed a significant decrease in all tests per- 
formed during pregnancy (Table I). 


The pattern of changes in the exeretion of sodium and chloride paralleled 
closely that of urine flow. A marked fall occurred after standing in every 
ease (Table I and Fig. 1). 
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The excretion of potassium varied somewhat from one patient to another 
and in the same patient from one test to another. However, in general, it de- 
creased after standing, although the fall was proportionately less than that 
of sodium and chloride (Table I and Fig. 1). 
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Fig. 1.—The effects of quiet standing on urine flow (UF), renal plasma flow (RPF), 
glomerular filtration rate (GFR), the excretions of Na, Cl, K, and total solutes, and on the 
ree water (CH2O) and osmolal (Cosm) clearances during the last trimester of gestation. 
Note the marked fall in urine flow during standing. In this patient, RPF and GFR decreased 
in the first period after standing, rose in the second period, but fell again in the 2 subsequent 
periods, The pattern of changes in excretions of Na, Cl, and total solutes paralleled that of 
urine flow. The excretion of K fell in the first period but returned to near control values on 
subsequent periods Free water clearance fell considerably and became negative in the last 
2 periods Osmolal clearance also decreased. 


The changes in total solute excretion paralleled those of urine flow and 
electrolytes decreasing moderately in the first period after standing with a 
further fall in subsequent periods (Fig. 1). Plasma osmolality varied in the 
control periods between 270 and 279 mOsm. per liter. It did not change sig- 
nificantly after standing. Plasma electrolytes also remained the same. The 
control values for the free water clearance (CH.O) varied from one patient 


to another according to the magnitude of urine flow, but they were usually 
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above 2.5 ml. per minute. After standing, the free water clearance fell con- 
siderably and during the last trimester of pregnaney it became negative 
throughout the last 2 to 3 experimental periods. The osmolal clearance (Cosm) 
also decreased but the fall was proportionately less than that of the free water 
clearance (Table I and Fig. 1). 

Comparison of the changes in urine flow, glomerular filtration rate, renal 
plasma flow, and sodium excretion induced by standing in the 7 patients dur- 
ing the first, second, and third trimesters of pregnancy and in the postpartum 
period can be made from Table I. It is evident that in each subject the re- 
sponse to standing increased progressively with the progress of gestation and 
reached its maximum in the third trimester of pregnancy (Table I). In the 
first trimester, the free water clearance was never negative, whereas in the 
second and particularly in the third trimester it approached zero or became 
negative in all of the subjects (Table I). In the postpartum period the re- 
sponse was significantly less than that observed at any time during pregnancy. 
In. fact, of the 4 patients tested in the postpartum period, 2 had a fall in urine 
flow and sodium exeretion but had insignificant changes in the average glo- 
merular filtration rate and renal plasma flow. Both of these patients had had a 
marked fall in glomerular filtration rate and renal plasma flow, particularly 
during the latter part of their gestation (Table I). 


TaBLe II. Data on UF, GFR, RPF, ANp Na, Cl, K, AND SoLuTE EXCRETION OBTAINED FROM 
THE LIMB OccCLUSION EXPERIMENTS* 


~ TOTAL 

UF t RPFt | Nat SOLUTE§ 

PATIENT A ( 7 Cc a tw J ] A C A 
A. L. 21.3 2.3 150 85 700 395 225 3: 193 50 23-987 ~=—379 
_wF A 23.5 2.0 176 j 900 650 7 g 145 45 40 1,495 370 
J.B. 7 1.4 148 950 480 4° H 110) 20 SO 48 750 527 
A. An 8& O09 134 ¢ 650 455 138 R( 9S 20 44 40 741 322 
ye *® ea 1.1 168 101 610 480 160 60 110 =48 38 30 1,312 451 


*In each case, the control values (C) represent the average of the last 3 control periods. 
The values listed under (A) represent the average of the second, third, and fourth periods after 
occlusion All figures are corrected for body surface area 

‘UF, GFR, and RPF are given in milliliters per minute. 

tNa, Cl, and K clearances are given in microequivalent per minute. 

§Total solute is given in microosmoles per minute. 


Caleulation of the significance of the differences between the values of 
urine flow, glomerular filtration rate, renal plasma flow, and sodium excretion 
observed throughout the course of gestation and in the postpartum period 
was made by computing Student’s ‘‘t’’ for each pair of values. The difference 
between third and first trimesters was highly significant (P < 0.002); the 
difference between postpartum and third trimester had a P < 0.001; the dif- 
ference between second and first trimesters had a P < 0.01 and the difference 
between first trimester and postpartum had a P < 0.05. 


Group II. Limb Occlusion.—The systemic effeets of rapid venous occlusion 
of the lower extremities in the 5 pregnant patients studied were similar to but 


not as severe as those of quiet standing. In addition to the vasovagal symp- 
toms, the patients had tingling of the toes and painful sensations in the feet. 
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Although the limb occlusion experiments were carried out on even a 
higher water diuresis than those of quiet standing, the renal changes were 
very similar. Table II presents the mean values for each patient before and 
after occlusion, whereas Fig. 2 illustrates a typical example of a complete ex- 
periment. Control urine flow varied from 7.8 to 23.5 ml. per minute. In the 
first period after cuff inflation, the urine flow fell moderately but continued to 
decline in subsequent periods until it reached values of 0.9 to 2.3 ml. per 
minute (Table II and Fig. 2). 

Renal plasma flow and glomerular filtration rate likewise decreased pro- 
gressively after cuff inflation and the magnitude of fall was approximately 
equal to that of quiet standing. 
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Fig. 2.—The effects of venous occlusion of the lower extremities on renal hemodynamics 
and water and electrolyte excretion in the last trimester of pregnancy. Note the similarity 
between the changes induced by venous occlusion and those of quiet standing illustrated in 
Fig. 1 

The changes in the excretion of sodium, chloride, potassium, and total 
solutes and in the free water and osmolal clearances were quite similar to 
those observed after quite standing (Table II and Fig. 2). 
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Group III, Alcohol Experiment.—All of the 7 patients included in this 
group had the systemic and cerebral manifestations which are usually observed 
after aleohol ingestion. Table III presents complete data on the renal effects 
of standing in the 5 patients who were given oral aleohol and in the 2 who 


TABLE III. Data on UF, GFR, RPF, Na, Cl, K, AND SoLuTE EXcCRETIONS, AND OSMOLAL AND 
FREE WATER CLEARANCES OBTAINED FROM PATIENTS WHO RECEIVED 
ORAL AND INTRAVENOUS ALCOHOL* 


TOTAL 
PATIENT IF GFR RPF ‘ K SOLUTE CosM CH,O 
8. G. 27.5 190 1,210 258 1,510 5.4 22.1 
(Oral) 155 1,100 9: 58 1,130 3.0 
211 1,310 : 1,432 °. | 
95 761 2% 538 § A 
110 3! 510 8 6 
P. O’C. 21. 158 2% 36 1,440 
(Oral ) 21. 146 i : 2,170 
135 if 235 32 1,215 
130 9% 1,245 
110 : j 850 
t 108 35 52 ‘ 620 
M. W. 28.2 170 if j 1,252 
(Oral) 145 352 1,600 
92 j : 407 
122 : 2 ; 452 


140 7$ 814 


L. F. 
Oral) 


B. B. 
(Intra 
venous 


66 
68 
66 
86 
S. L. 2. 3$ 457 2% 60 
(Intra 410 54 
venous ) 261 ‘ « °6 

278 32 : 36 2¢ ; 0.1 

390 : 55 . “ 0.1 


*The figures above the line represent the average control periods and those below the line 
represent the successive clearances obtained during standing. 


received this agent intravenously. Fig. 3 illustrates a complete experiment 
with oral aleohol. Control urine flow while the patient was recumbent varied 
between 10.6 and 28.2 ml. per minute (Table III). After standing and regard- 
less of the route of aleohol administration, the urine flow fell considerably and 
the changes followed the same patterns observed after quiet standing without 
aleohol or after venous occlusion of the lower extremities. Similarly, the 
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changes in glomerular filtration rate, renal plasma flow, and the excretions of 
sodium, chloride, potassium, and total solutes were identical with those ob- 
served during quiet standing without alcohol (Table III and Fig. 3). Because 
of the high rate of water diuresis used in these patients, control free water 
clearance varied from 8 to 23 ml. per minute. After standing and despite the 
aleohol, it fell considerably and became negative in every case. Osmolal 
clearance also followed a pattern similar to that of quiet standing without 
aleohol. ; 
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Fig. 3.—Effects of quiet standing in a subject to whom alcohol was given orally. A 
total of 180 ml. of 86 proof whiskey was ingested between the third and the fourth control 
periods while the patient was still recumbent. Blood levels of alcohol (@——-@) were deter- 
mined immediately after the beginning of ingestion and continued for the entire experiment. 
Note that despite the high blood level of alcohol, the changes in UF, GFR, and excretions of 
Na, Cl, K, and total solutes were similar to those of quiet standing without alcohol. Here 
again free water clearance became negative in the last 2 clearance periods. 


Group IV. Aldosterone Excretion.—Table IV shows the output of aldos- 
terone, sodium, potassium, and urine in the 3 patients during recumbency and 
ambulation. 

The first patient excreted practically the same amount of aldosterone 
while she was recumbent in bed during the day and at night. During the 12 
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hours of ambulation, her aldosterone excretion rose markedly. On the follow- 
ing 12 hours, when she again reassumed the recumbent position in bed, her 
aldosterone output returned to control recumbent levels. Sodium excretion 
fell significantly during ambulation and rose during recumbency. 

Potassium excretion was not altered significantly during the periods of 
ambulation and reeumbency but urine flow fell during the period of ambula- 
tion (Table IV). 

The other 2 patients had a similar striking increase in aldosterone excre- 
tion during ambulation, even though one of these patients ambulated for only 
6 hours. Their patterns of exeretion of sodium, potassium, and urine were 
similar to that of the first patient. 


TABLE IV. EXCRETION OF ALDOSTERONE, SODIUM, AND PoTasstuM DuRING RECUMBENCY AND 
AMBULATION BY 3 PREGNANT PATIENTS IN THE LAST TRIMESTER OF GESTATION * 


PATIENT 
l 


TIME 
M.TO7 A. 
~ SOT A 
-TOT A. 
-TO7 A. 
.TOLA. 


-TOTA. 
.Tol 


POSITION 
Recumbent 
Recumbent 


Ambulatory 


Reeumbent 


Recumbent 


Ambulatory 


Recumbent 


Recumbent 
Recumbent 


Ambulatory 


ALDOSTERONE 

(mg) 
11.5 
12.6 
45.0 
10.0 
8.0 
48.0 
6.0 
4.5 
3.0 


99 () 


Na 
(mEq. ) 
14.4 
4.4 
0.9 
16.0 
26.6 
6.0 


K 
(m Eq. ) 
30.4 


25.0 


14.0 
18.5 
16.8 
18.0 
10.6 


ovo 


aoe 


URINE 
FLOW 
(ml. ) 
1,400 
1,360 
930 
1.600 
1,500 
530 
950 
400 
310 


295 


1s 
+ 


I 
.TOT P. Recumbent 3.8 200 860 
*The value: 


hours 


Patients 1 and 2 are given per 12 hours, whereas those of Patient 3 are 
per 6 


DISCUSSION 


Despite extensive studies, the stimuli which lead to the antidiuresis and 
antinatriuresis of quiet standing still remain controversial. According to a 
recent review of this subject®® the available evidence, which is largely in- 
ferred from studies on the effects of aleohol on urine flow, tends to favor the 
hypothesis that the fall in urine flow is dependent to a large extent on exces- 
sive liberation of antidiuretic hormone. 

However, the contribution of the changes in the glomerular filtration to 
either the antinatriuresis or to the antidiuresis still remains a disputed ques- 
tion. Epstein and his co-workers* suggested the existence of separate mecha- 
nisms for the antidiuresis and the antinatriuresis and attributed the latter to 
the coneomitant fall in filtration rate and, therefore, the reduced filtered load. 
Pearce and Newman,’ although accepting the dual mechanisms, found the 
changes in the endogenous creatinine clearance in moderately hydrated sub- 
jeets too small to account for the marked fall in electrolyte excretion. Surt- 
shin and White® reached essentially the same conclusion on the basis of studies 
carried out on well-hydrated patients. 

Our data obtained throughout the course of normal gestation show that 
the antinatriuresis of quiet standing or of venous occlusion of the lower ex- 


tremities is closely associated with a fall in glomerular filtration rate. These 
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findings are in agreement with those of Epstein‘ and suggest that the changes 


in glomerular filtration may play an important, if not a dominant, role in the 
antinatriuresis of quiet standing in pregnant women. 

Our failure to inhibit the antidiuresis of quiet standing with alcohol in 
pregnant women is contrary to the observations of others'* in nonpregnant 
subjects, although the method of administering aleohol and the dose used were 
practically the same. Two possible reasons can be offered to explain this 
divergency. First, that in pregnancy the stimuli which provoke the elabora- 
tion of ADH during orthostasis are so strong and the quantity of hormone lib- 
erated so high that a mild inhibitor such as alcohol could not block the marked 
antidiuresis. Testing of this hypothesis will have to await the development of 
more accurate methods for ADH determinations in body fluids. The second 
possibility is that the marked fall in glomerular filtration rate which occurs in 
pregnant women during standing may account totally or partially for the 
deerease in urine flow. 

This latter hypothesis is favored by available evidence. Judson and his 
'‘ observed that patients with diabetes insipidus who had a negligible 
decrease in blood pressure after venous congestion of the lower limbs had only 
a slight fall in urine flow with the usual fall in glomerular filtration rate and 
sodium exeretion. In contrast, the patients with diabetes insipidus who de- 
veloped vasovagal collapse had a marked antidiuresis along with the anti- 
natriuresis and the fall in renal plasma flow and glomerular filtration rate. 
Such changes persisted even after the blood pressure had returned to control 
values. 


associates? 


These latter findings are very similar to those observed in pregnant pa- 
tients since practically all of them developed clinical manifestations of vaso- 
vagal collapse during standing or venous congestion. In fact, several patients 
developed vasovagal symptoms while lying supine. Therefore, it may be pre- 
sumed that the mechanism of their oliguria might have been similar to that 
of the patients with diabetes insipidus reported by Judson and his co-workers. 
Although these authors at that time thought the antidiuresis to be due to 
‘‘c¢ertain intrinsic renal adjustments,’’ in the light of recent observations? ? 
it could be attributed to the fall in glomerular filtration rate. Similar fall in 
urine flow in the presence of a reduced filtration rate has been recently de- 
scribed by del Greeo and de Wardener,”* Berliner and Davidson,”* and Klee- 
man and associates.** 

These investigators have shown that reduction of glomerular filtration 
rate in dog or man results in a marked fall in urine flow and the elaboration 
of a coneentrated urine independently of ADH. Berliner®® found that the 
oliguria was the result of the reduction in the free water clearance which fell 
more markedly than the osmolal clearance. Such behavior in the 2 moieties 
which compose the urine flow oceurred in the pregnant subjects presented in 
this report. 

Our values for aldosterone excretion during the control periods in re- 
cumbeney were high but consistent with values of normal pregnancy reported 
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by others.*® However, the data failed to show any diurnal variation. The 
striking rise which occurred when the patients were standing and ambulating 
and the fall observed when the same patients reassumed the recumbent position 
indicates that the rise was strongly related to the upright position rather 
than to true diurnal variation. However, it should be realized that the 
studies on aldosterone excretion have been made during chronic ambula- 
tion, whereas the renal factors have been assessed in acute states of quiet 
standing. Therefore, the homeostatic mechanisms operating in these two 
situations may be different. Although this possibility cannot be ruled out, 
our results during 6 hours of ambulation and those of Gowenlock and 
his co-workers*® obtained from pooled urine collected during 2 hours of 
standing indicate that aldosterone plays some role in the orthostatic anti- 
natriuresis. This opinion is shared by Muller and his associates* and by 
Bartter and his co-workers."* In the light of the present data, it is interesting to 
attempt to reconstruct the possible chain of events which lead to the antidiuresis 
and antinatriuresis of quiet standing in pregnancy. Quiet standing or venous 
congestion of the limbs will produce marked venous pooling in the lower ex- 
tremities which will decrease the effective circulating blood volume and the 
cardiac output. This would lead to (1) a decrease in the renal plasma flow 
and glomerular filtration rate, (2) an increase in aldosterone secretion by the 
adrenal cortex, and (3) the possible liberation of ADH by the neurohypophysis. 
It is probable that the role that each plays in the antidiuresis and antinatri- 
uresis depends on a multiplicity of factors and particularly on the degree of 
blood pooling. In pregnant subjects, because of the greater degree of pooling, 
the primary factor responsible for the antidiuresis and antinatriuresis is the 
change in renal hemodynamics. Aldosterone may become an important factor 
even when the glomerular filtration rate has returned to prestanding values. 
It is difficult, however, to state from the present data when aldosterone action 
begins and for how long it may continue. It is also difficult to exclude the 
possibility that ADH might still be operating to a certain extent in pregnancy 
even though glomerular filtration rate and aldosterone seem to be the pre- 
dominant factors. 

That the renal hemodynamic changes induced by orthostasis in pregnancy 
are more striking than those of nonpregnant subjects, is evident from our data 
which show clearly that in every instance the postpartum response was much 
less than that observed during pregnancy. Among the reasons which could 
account for this fact are the increased venous pressure in the lower extremities, 
the increased intra-abdominal pressure and the pressure of the heavy uterus 
lying over the major vessels, and the possible existence of an arteriovenous 
shunt at the level of the placenta. These factors would favor a greater shift 
in blood volume and the trapping in the lower extremities of a larger portion 
of the effective cireulating blood volume upon standing or venous occlusion. 
This hypothesis receives support from the well-known fact that pregnant 


women faint easily when they stand for some time or even when they lie 


supine on a hard surface.* It is also favored by the appearance of edema in 
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normally pregnant subjects upon standing, particularly after the sixth month 
of gestation. It is possible that this type of edema is promoted by the stand- 
ing position through the mechanisms already discussed. Its disappearance 
when the patient remains at bed rest or during the night favors the hypothesis 
that the standing position is closely connected with its etiology. 


SUMMARY AND CONCLUSIONS 


1. Studies on the effects of blood pooling on renal hemodynamics and 
water, electrolyte, and aldosterone excretion were made in 22 normally preg- 
nant patients during moderate and severe water diuresis. 

2. The changes induced by quiet standing were followed in the same 
patient throughout the course of gestation and through the postpartum period. 
The results showed a marked decrease in water, sodium, and chloride excre- 
tion which was concomitant with a significant but less marked fall in glo- 
merular filtration rate and renal plasma flow. The excretion of potassium was 
irregular but in general it also decreased. These effects were much more 
striking during pregnancy than in the postpartum period. 

3. Venous congestion of the lower extremities produced renal and sys- 
temic effects closely similar to those of quiet standing. 

4. Oral and intravenous administration of aleohol did not inhibit the 
antidiuresis or the antinatriuresis of quiet standing and did not alter the fall 
in glomerular filtration rate and renal plasma flow. 

5. Aldosterone excretion did not show diurnal variation but rose markedly 
during standing and ambulation. 

6. It is suggested that in pregnant women, because of the more marked 
pooling in the lower extremities, the fall in glomerular filtration rate may 
account for the initial antidiuresis and antinatriuresis of quiet standing. A\l- 
dosterone and possibly ADH may enter into play later and maintain these 
changes. 


We are indebted to Dr. W. J. Dixon for the statistical analysis, Drs. C. R. Kleeman 
and M. Maxwell for their criticism and advice, and Drs. P. Titus and Ronald Chez for their 


assistance. 
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COMPARISON OF THE SENSITIVITY OF SEVERAL MAMMALIAN 
CELL TYPES FOR THE ISOLATION OF POLIOMYELITIS 
VIRUSES FROM MAN 
Davin L. CHapwick, M.D.,* Harrwe_tt H. WeEtsH, M.S., AND 
Epwin H. LENNetteE, M.D., PH.D. 

BERKELEY, CALIF. 


tp nae ER cell cultures are now widely used for the isolation of certain 
viruses from clinical materials. A large variety of cell types—malignant, 
embryonic, and adult—derived from a variety of tissues from several animal 
species is currently available, but the range of viruses to which all of these 
cell types are susceptible is still unknown in large part. In the present study, 
4 commonly used cell types were compared for their sensitivity in the de- 
tection of poliomyelitis virus in human fecal specimens. Beeause of their 
possible bearing on clinical and epidemiologic studies, the comparisons were 


made under conditions which might prevail in any laboratory attempting 
isolations of poliomyelitis virus on a fairly large seale. The cell types com- 


pared were the normal human amnion and normal monkey kidney cells, and 
strain HeLa and strain KB cells derived from human carcinomas. 


MATERIALS AND METHODS 


Tissue Culture Procedures.—The various cell lines were utilized in the form of mono 
layer cell cultures in tubes. 

Monolayer cultures of monkey kidney cells were prepared essentially according to 
the method outlined by Youngner.! 

Strain HeLa cells (Gey) were maintained in continuous culture by the method de 
scribed elsewhere.2 Monolayer cell cultures in tubes were prepared according to the 
procedure given in an earlier publication.2 

Strain KB cells’ were maintained in continuous passage by the same procedure em 
ployed for strain HeLa cells, Monolayer cell cultures in tubes were prepared by the same 
method as that used for strain HeLa cells. 

Human amnion cells were prepared by a modification of the general method out 


lined by Zitcer and associates.4 


Stool Suspensions.—Stools were made into approximately 20 per cent suspensions by 
shaking with Hanks’ balanced salt solution in a 50 ml. stoppered centrifuge tube containing 
glass beads. The suspension obtained after vigorous manual shaking was centrifuged horizon 
tally for 10 minutes at 3,000 r.p.m. The supernatant fluid was decanted through sterile gauze 
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into a suitable glass vessel and thence decanted into Lusteroid tubes, and centrifuged for 
1 hour at 10,000 r.p.m. in a Spinco Model L centrifuge. The supernatant fluid was dis- 
tributed into two tubes which were stoppered, labeled, and stored at —20° C. until used 
for inoculation, 


All stool suspensions employed in this study were previously unthawed aliquots of 
suspensions which had been inoculated into monkey kidney cell cultures during the course 
of other studies. The results of these tests in monkey kidney cells were not known to 
the individuals carrying out the present study. The stool suspensions studied were 
selected by another investigational group, and were selected to provide a series of speci- 
mens the majority of which were known to contain poliomyelitis virus. Because of the 
geographical origin of the specimens (California, Arizona, and Nevada), most of the 
virus-containing stools contained type 1 poliomyelitis virus and a small proportion con- 
tained the type 3 virus; type 2 poliomyelitis virus was not represented by any of the 
stools chosen for the study. Since the study was primarily to determine the sensitivity 
of the various cell types to poliomyelitis viruses, stools known to contain viruses other 
than poliomyelitis were not intentionally included in the inquiry. 


Inoculation of Cultures With Stool Suspensions.—Prior to inoculation, the cell sheets 
in the culture tubes were rinsed 3 times using 1 ml. of Hanks’ BSS for each rinse. 
Maintenance medium, consisting of equal parts of medium 199 and Hanks’ BSS with 5 per 
cent horse serum (inactivated at 56° C. for 30 minutes) was then added to each tube in 
a volume of 0.9 ml. Stool suspensions were thawed, thoroughly mixed by pipetting, and 
0.1 ml. of suspension was added to the culture tube. Each suspension was tested in 4 
tubes of each tissue type, and 4 uninoculated control tubes were included with every 
group of 80 or fewer tubes of each tissue type. 


Interpretation of Results —After inoculation, all tubes were incubated in stationary 
racks at 36° C., and were examined daily as long as the cell sheet remained sufficiently 
healthy to permit detection of viral cytopathogenesis. Where cytopathogenesis occurred, 
it was allowed to progress until approximately 75 per cent of the cells in each tube of a 
set of 4 was affected, at which time the fluids from the 4 tubes of the set were pooled and 
stored at —-20° C. Where only one or two tubes of the 4 showed cytopathogenesis, cellular 
degeneration was permitted to proceed until all cells in the affected tubes were involved 


before the fluids of the 4 tubes were pooled. Where cytopathogenesis was suspected to 


be due to toxie or nonspecific factors, and was so marked as to make the tubes unreadable 
in less than 7 days after inoculation, the contents of the tubes were pooled for an ad- 
ditional passage. Tubes showing no toxic or viral cytopathic effects were held as long as 
they remained readable, and were then discarded. The criterion of readability employed 
was the persistence of at least two low-powered fields of continuous cell sheet free of 
changes that could obscure detection of a viral cytopathogenic effect. 

Tests were done in groups of 19 stool suspensions so that each test consisted of 320 
culture tubes, including the controls. All the tubes of one test were examined by a 
single observer, who usually read the entire series of tubes at one sitting. Consequently, 
the individual making the readings was sometimes aware of the effect of a given stool 
suspension on one of the cell types while interpreting the effect of the same suspension 
in the remaining cell types. This procedure represents a possible source of bias in in- 
terpretation and could not be avoided entirely; on the other hand, it avoids the subjective 
differences inherent in 4 sets of readings made by 4 different observers. 


The results were recorded as follows: 


Positive: The appearance, at any time, or viral cytopathogenic effect in at least 
one of a set of 4 tubes. 


Negative: Persistence of a healthy cell sheet in the inoculated tube for a length of 
time equal to the period of survival of uninoculated cell sheets (controls) and for at 
least 7 days. 
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Toxic: Degeneration of cell sheets in less than 7 days in a manner not typical of 
viral cytopathogenesis, the control remaining readable during the same period. 


Doubtful: Degeneration of cells in a manner suggestive, but not typical, of viral 
cytopathogenesis. (Most interpretations of ‘‘doubtful’’ represented mixtures of toxie and 
viral cytopathic effects.) 

Subcultures.—Subcultures were made from all sets of .tubes in which the cytopathic 
effects were interpreted as positive, toxic, or doubtful. No further studies were made on 
sets of cultures considered negative. 

All second passages were made in the same cell type as that used for the initial passage, 
and the tubes were examined, read, and handled in the same manner as the first passage 
tubes. Whenever results of the second passage were interpreted as toxic or doubtful, a 
third passage was made. 


For the second and third passages, 0.1 ml. of pooled culture fluids was used as inoculum. 


Typing of Virus Isolates.—In the original test using monkey kidney cell cultures as 
the host system, all the viruses recovered were identified as poliomyelitis viruses, Conse- 
quently, in view of the fact that 4 different cell types were being employed in the 
comparative studies, it appeared desirable to identify each virus isolate to determine 
whether the agents recovered in each cell type were actually poliomyelitis viruses or 
some other virus. Since a total of 255 isolates was involved, virus typing was performed 
by a modification of the colorimetric test for poliomyelitis virus,5-?7 the test used being 
similar to that devised in this laboratory for the typing of adenoviruses,’ Coxsackie 
viruses,? and Western equine encephalomyelitis virus.1° 

Strain HeLa and human amnion cells were used in the colorimetric tests, and the 
special metabolism medium employed differed according to the cell type used. For strain 
HeLa cells the following medium was used. 

Horse serum (inactivated 56° C. for 30 minutes), 5.0 per cent. 

20 per cent glucose, 1.5 per cent. 

Lactalbumin hydrolyzate-yeast extract medium, 93.5 per cent. 

8.8 per cent NaHCoO,, 1.25 ml. per 100 ml. medium. 

Antibiotics: penicillin 125 units per milliliter; streptomycin and neomycin 125 
ug of each per milliliter; bacitracin 1.25 wg per milliliter; and mycostatin 100 units per 
milliliter. 

The metabolism medium used with human amnion cell systems was similar to the 
above, the difference lying in the omission of the 20 per cent glucose and the replacement 
of lactalbumin hydrolyzate-yeast extract medium with a mixture of equal parts Hanks’ 
BSS and lactalbumin hydrolyzate-yeast extract medium, i.e., 47.5 per cent of each. 

The tests were done in polystyrene panels after the method described by Melnick 
and Opton.11 The cells, the virus isolates, and the type-specific antisera were added to 
the cups in 0.2 ml. amounts. The cups were sealed by adding 0.7 ml. of a sterile light 
mineral oil. Human amnion cells were used in concentrations of 120,000 cells per 0.2 
ml. and strain HeLa cells were used in concentrations of 50,000 cells per 0.2 ml. The 
virus isolates were diluted 1 x 10-2 in the special metabolism media. Type-specific 
antisera (monkey) to the 3 immunologic types of poliomyelitis virus were inactivated 
at 56° C. for 30 minutes and diluted in metabolism medium in accordance with the 
known neutralizing capacity of the serum. Appropriate controls (cell titrations, viral 
activity) were included in each test. 

The mixtures were incubated at 35° C, until the cell controls included in the test 
had reached a pH of 7.0 or less. In general, viral activity was indicated by a final pH 
of 7.8 to 8.0 and neutralization by a pH of 6.6 to 7.0. In a number of instances where 
the viral isolates had a low titer, these differences were not clearly defined and the test 
was repeated using a higher concentration of virus. 


Isolation of Viruses—For purposes of this study, the enteric virus unit of this 
laboratory supplied 85 stool specimens which had previously been tested in monkey 
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kidney cell cultures. Table I gives the results of the original tests on these stool speci- 
mens and is presented in order to facilitate comparisons with data derived from the 
comparative tests of the several cell types employed in the present inquiry. Thus, it 
will be noted that only the type 1 and type 3 poliomyelitis viruses were represented, and 
that 70 (S82 per cent) of the specimens yielded a poliomyelitis virus and that 15 specimens 


(18 per cent) yielded no virus. 


TABLE I. RESULTS OF ORIGINAL VirUS ISOLATION ATTEMPTS IN MONKEY KIDNEY CELL 
CULTURES OF STOOL SUSPENSIONS RETESTED IN COMPARATIVE STUDY* 
RESULTS OBTAINED IN ORIGINAL STUDY 
VIRAL ISOLATIONS 
VIRUS SEROTYPE NUMBER PER CENT 
Type 1 58 68.3 
Type 3 12 14.1 
Total positive 70 82.4 





No isolation 
17.6 


li 
Total stools tested &! 100.0 








See Ma erials and Methods. 


TABLE II. INTERPRETATION OF RESULTS OF PRIMARY PASSAGE OF 85 STOOL SUSPENSIONS IN 
MONOLAYER CULTURES OF 4 DIFFERENT CELL TYPES 
INDICATED EFFECTS OBSERVED IN CULTURES OF 
HUMAN AMNION MONKEY KIDNEY HeLa CELLS 


KB CELLS 
EFFECT OF NO. NO. | NO, | NO. } 

| ] , nh ed | 
INOCULUM SUSPEN PER SUSPEN PER SUSPEN- SUSPEN- | 
SIONS | 


CPE* SIONS CENT SIONS CENT SIONS | 
Positive 52 61. 53 32.4 48 56. 52 
Negative 16 18. 18 21. 16 8.) 16 
Doubtful 3 3. 3 3. 6 : 2 
Toxie 14 16.5 11 2.5 ; 6 15 


*CPE cytopathogenic effect 


RESULTS 

As just mentioned, and as shown in Table I, a poliomyelitis virus was 
isolated from 70 of the 85 stools on original test in monkey kidney cell 
cultures. It will be noted that the results obtained in the present study are 
not strictly comparable to those obtained in the original or initial tests since 
the clear fluids representing processed stool suspensions had been stored for 
some time and different methods of inoculation were used. For evaluation 
of the sensitivities of the various cell types to poliomyelitis viruses, com- 
parisons should be made between the results obtained in cultures of the 
several different cell types which were, in essence, inoculated simultaneously 
with the same inoculum by the same procedure. 

The results obtained on initial culture of the 85 stool suspensions are 
summarized in Table II. The differences in the virus recovery rates in the 
+ cell types are small. The greatest number of isolations was made in monkey 
kidney cells and the lowest number in strain HeLa cells, but the proportional 
difference between the two recovery rates, namely, 62 per cent versus 56 per 
cent, was not found to be statistically significant when the chi-square test 
was applied. The difference between monkey kidney cell cultures and strain 
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HeLa cell cultures with respect to the number and proportion of specimens 
which gave rise to “doubtful” or “toxic” interpretations at the first passage 
level is somewhat more striking; thus the number of instances in which these 
interpretations were made was 14 (16.4 per cent) and 21 (24.7 per cent) for 
monkey kidney cell and strain HeLa cell cultures, respectively. Evidence 
that this difference is statistically significant is lacking (p=0.18) and this 
suggestion that strain HeLa cells are more susceptible to toxie factors than 
are monkey kidney cells can only be interpreted as in agreement with the 
impression of other workers on this subject. Human amnion and strain KB 
cells appeared (Table Il) to oceupy a position intermediate between monkey 
kidney and strain HeLa cells with respect to susceptibility to toxie factors. 


TABLE III. FINAL RESULTS, IN TERMS OF ViRUS ISOLATIONS, OBTAINED WITH 85 STOOL 
SUSPENSIONS IN MONOLAYER CULTURES OF 4 DIFFERENT CELL TYPES* 
l . ~ RESULTS OBTAINED IN CULTURES OF 
HUMAN AMNION | MONKEY KIDNEY HeLa CELLS KB CELLS 
VIRUS NO. a NO. NO. NO. 
ISOLATION | SUSPEN- PER | SUSPEN- PER SUSPEN PER SUSPEN PER 
ATTEMPT SIONS CENT | SIONS CENT SIONS CENT SIONS CENT 
Positive 64 75.3 63 74.1 63 j 65 6. 
Negative 21 24.7 22 25.9 22 25.$ 20 3. 


*Results based on cytopathogenic effect observed at second or third subpassage 


Cultures which showed cytopathic effects that were interpreted as doubt- 
ful or toxie were subcultured until a clear-cut positive or negative result was 
obtained. Three such subcultures were required for only 3 specimens, all 
the remainder requiring no more than two. The final recovery rates in the 4 
types of cell cultures are shown in Table III. Comparison of Tables Il and 
III will show that clear-cut evidence of specific cytopathic effects was ob- 
tained at the first passage level in a majority of instances, and that addi- 
tional virus recoveries were made when “doubtful” or “toxic” specimens were 
subpassaged; the number of additional recoveries made on subculture is 
readily discernible. Table III shows that the final results in terms of virus 
recovery were practically identical for the 4 cell types. The greatest differ- 
ence encountered, and of no practical or statistical significance, was between 
strain KB cells in which 65 of the &5 stool specimens tested yielded a virus, 
and monkey kidney and strain HeLa cells in which 63 of the 85 specimens 
yielded a virus. 

Although the virus recovery rates in the 4 different cell types were es- 
sentially identical, there were some interesting inconsistencies in virus re- 
covery in several instances. Seven stool suspensions were involved. Of these, 
5 gave specific cytopathic effects in 3 of the 4 cell types. One specimen was 
positive in 2 cell types and negative in 2 others. One specimen affected a 
single cell type only. Of the 7 stool specimens involved, 5 produced ecyto- 
pathie effects in only one or two tubes of the sets of 4 which gave the positive 
result. 

Table II shows that a total of 255 agents producing cytopathic effects in 
the tissue culture systems used was recovered. Since cell types other than 
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monkey kidney were being utilized, it appeared necessary to determine 
whether the agents recovered in these various cell culture systems were iden- 
tical with those originally isolated from the specimens in monkey kidney 
cell cultures. Consequently, all 255 isolates were tested by the colorimetric 
neutralization test described above, using monkey hyperimmune sera to each 
of the 3 immunologic types of poliomyelitis virus. Of these isolates, 232 (91 
per cent) were successfully typed on the first attempt, and in each instance 
the virus type recovered agreed with that previously recovered in the initial 
cultures in monkey kidney cell cultures. The remaining 23 isolates were 
retested and 16 were successfully typed in this repeat test. The remaining 
7 isolates were tested a third time; 3 were typed successfully on this occa- 
sion and 4 were subsequently found to be mixtures of poliovirus and an 
unidentified agent. In each of these 23 cases, the virus type recovered was 
the same as that isolated in the original cultures conducted in monkey kidney 
cell systems. 


TABLE IV. PrRoporTION or VirUS ISOLATES WITH TITER OF 1 x 102 OR More TISSUE 
CULTURE DOSES 


VIRUS ISOLATED IN CULTURES OF 
PASSAGE MONKEY | HUMAN 
LEVEL HeLa CELLS | KIDNEY CELLS | KB CELLS AMNION CELLS 
First 31/31 44/47 27/30 39/49 

100 % 94 % 90 % 80 % 
Second 30/30 16/16 32/32 12/12 
100 % 100 % 100 % 100 % 





On the whole, inability to type the isolate colorimetrically was due to the 
low titer of the isolate, i.e., less than 1 x 10? tissue culture doses, as indicated 
by the failure of the virus alone to kill the cells in the neutralization scheme 
used. This was true of 16 of the 23 isolates which could not be typed at the 
first attempt. In the remaining 7 instances, inability to type 3 of the isolates 
was referable to “break-through” due to the high titer of the isolate and in 4 
instances was referable to break-through produced by a mixture of poliomye- 
litis virus and an unidentified agent. 

While the evidence derived from this study indicates that the 4 cell 
systems utilized are of essentially equal sensitivity in detecting the presence 
of poliomyelitis viruses in clinical material, the results of some of the 
colorimetric typing tests suggest that the virus multiplies to a greater extent 
in some of the cell culture systems than in others. Evidence to this effect is 
presented in Table IV. Table IV shows that in the case of isolates obtained 
in strain HeLa cell cultures, 31 attempts were made to type the isolates from 
first passage culture fluids, and all 31 attempts were successful, i.e., the titer 
of the isolate was at least 1 x 10? tissue culture doses. Similarly, 27 of 30 
isolates at the first passage level in KB cell cultures, 44 of 47 isolates at the 
first passage level in monkey kidney cell cultures and 39 of 49 isolates at the 
first passage level in human amnion cell cultures were typed successfully. On 
a proportional basis 100 per cent of the isolates from HeLa cell cultures had 
a sufficiently high titer to permit typing at the first passage level, whereas 
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only 80 per cent of the isolates from human amnion eell cultures had a 
sufficiently high titer to permit successful typing at this level. By the second 
passage level, however, the infectivity titers in all of the 4 cell culture systems 
were sufficiently high to permit of typing. 


DISCUSSION 


The findings presented in this communication indicate that for purposes 
of virus recovery from clinical materials, monkey kidney cells, strain HeLa 
cells, strain KB cells, and human amnion ¢ells are equally sensitive to infee- 
tion with the poliomyelitis viruses. Comparative titrations of stock viruses 
were not done as a part of this study since it was considered that any differ- 
ences which might be encountered might reflect differences in adaptation to 
growth in a tissue culture system. It was desired rather to determine whether 
any one of the 4 cell systems examined possessed any advantages or superi- 
orities in the detection of poliomyelitis viruses in clinical materials, and it 
would seem that from the standpoint of sensitivity at least, no one system is 
superior to any of the others. All of the cell types employed develop clear-cut 
cytopathogenic changes when infected with poliomyelitis viruses. The rela- 
tive ease with which specific cellular damage is detected is often debated but 
is probably more a function of individual experience than of objective differ- 
ences. Monolayer cultures of monkey kidney cells appeared to possess a 
slightly greater resistance to the toxic effect of some stool suspensions than 
did the other cell types tested, especially strain HeLa cells. On the basis of 
the 85 stool suspensions tested, the difference was not statistically significant. 


The toxie effect of certain stool suspensions, plus the occurrence of question- 
able eytopathogenie changes, will necessitate second passages in a variable 
proportion of instances. 


SUMMARY AND CONCLUSION 


An inquiry was made into the comparative sensitivity of monkey kidney, 
strain HeLa, strain KB, and human amnion cells in the detection of poliomye- 
litis viruses in stool suspensions. Essentially no difference was found in the 
efficiency of these 4 cell systems in the recovery of these viruses. The clinical 
specimens tested contained only type 1 or type 3 viruses. 

Monkey kidney cells appeared to be somewhat more resistant to the 
effects of toxie factors in stool suspensions than were the other cell systems 
employed, but the difference was not found to be statistically significant. 

The choice of the cell system to be employed for isolation of poliomyelitis 
viruses will depend on practical local considerations. 
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A COMPARATIVE STUDY OF FETAL AND MATERNAL SERUM 
ENZYME LEVELS 
BERNARD LAPAN, M.D., AND Max M. FrrepMAN, PH.D. 
New York, N. Y. 


WITH THE TECHNICAL ASSISTANCE OF THOMAS H. TAyYLor 


'y A previous study we presented the results of aldolase determinations in the 
newborn cord blood serum and compared them to the levels of the maternal 
blood serum at the time of delivery. It was found that the fetal aldolase activity 
was significantly higher than that of the mother and this activity increased 
during the first 4 days of the newborn. It was pointed out that certain condi- 
tions of intrauterine and neonatal life might be responsible for the differences 
between fetal and maternal levels of aldolase activity.!| These differences might 
include such factors as inereased adrenal activity, variations in muscular aec- 
tivity, and other factors of homeostasis. 

This study of the enzymes in the mother at term and in the newborn at 
delivery was extended to inelude a group of esterases (cholinesterase, tri- 
butyrinase, and alkaline phosphatase) as well as glutamic oxalacetie trans- 


aminase and lactic dehydrogenase. The two latter enzymes, in addition to 


aldolase, are known to be increased in the serum of patients with myocardial 


infaretion and liver and muscle necroses. 

A knowledge of enzyme distribution in mother, fetus, and placenta may 
give some indication as to the site of enzymes synthesis and the function of 
these enzymes during pregnancy and neonatal life. Since enzymes are known 
to be large protein moieties, they would not be expected to diffuse across the 
placental barrier. The significant differences between enzyme activities in 


maternal and fetal serum found in our present study bear out this premise. 


MATERIALS AND METHODS 


Specimens of cord blood were collected immediately after delivery without attempt to 
differentiate arterial from venous flow. Venous blood was withdrawn from the mother 
within several minutes after delivery. The sera were separated, immediately refrigerated, 
and determinations performed as soon as convenient, mostly within 48 hours after collection. 

The method for aldolase was described previously.1 Glutamic oxalacetic transaminase 
was determined spectrophotometrically by the method of Karmen.2 Lactic dehydrogenase 
was determined by the method of Wroblewski and LaDue® with pyruvic acid substrate and 
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the spectrophotometric measurement of the disappearance of diphosphopyridine nucleotide 
(DPNH). Cholinesterase was measured by a colorimetric procedure introduced by Molander 
and associates which determines the change in pH of a buffered acetylcholine substrate 
with phenol red as indicator. Tributyrinase was determined electrometrically by the method 
of Friedman and Shriro5 and the results reported in pH changes of a buffered glycerol 
butyrate substrate. Alkaline phosphatase was determined by the method of Shinawara and 
co-workers® using glycerophosphate substrate buffered to pH 10.8. The transaminase and 
lactic dehydrogenase determinations were either carried out at 25° C. or corrected to that 
temperature by a correction factor of Q,, of 1.8 over a range of 23° to 33° C.7 


TABLE I, CHOLINESTERASE IN MOTHER AND Corp Sera RecoRDED IN CoLoRIMeTRIC ApH UNITS 


MOTHER i * CORD te t 
Subjects 162 162 
Total range 0.34-0.86 0.36-0.77 
Average 0.605 0.576 
S.D. +0.092 *+0.095 


TABLE II, TRIBUTYRINASE IN MOTHER AND Corp SERA RecorpED IN ApH UNITS 


MOTHER CORD ; t 


Subjects 168 153 
Total range 0.40-0.87 0.36-0.82 
Average 0.607 0.566 
8.D. +0.115 +0.115 


RESULTS 

The enzymes studied may be divided into the esterases (cholinesterase, 
tributyrinase, and alkaline phosphatase) and enzymes that are altered during 
necrotic processes (aldolase, transaminase, and lactic dehydrogenase). In the 
esterase group the levels in the sera of mothers at delivery were significantly 
higher than in the cord. The reverse was observed with the other enzymes, 
where markedly higher levels were found in the cord sera. 

Table I gives a summary of cholinesterase values in mother and cord serum. 
The average was 0.605 ApH unit for the mother and 0.576 unit for the cord 
serum. Although relatively close, these differences were statistically valid with 
a t of 2.88 and P <0.01.8 

Table II shows results for tributyrinase similar to those for cholinesterase. 
In the mother the average was 0.607 and in cord serum the ApH averaged 
0.566. The t was ealeulated at 3.19 and here also we have two statistically 
different groups with P<0.01. There is some question whether one may be 
measuring the same enzyme even though different substrates are used, acetyl- 
choline for cholinesterase and tributyrin for tributyrinase. Bunch and Emerson® 
report a coefficient of correlation of 0.905 for both enzymes. This study with 
a large number of subjects suggests that the same enzyme may be involved. The 
fact that the ApH values are numerically similar for both enzymes is fortuitous, 


but the relative activities in mother and cord and the similar t value suggest an 


identity of action. This similarity was observed in individual patients as well 


as in the average. 
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The values for alkaline phosphatase (Table III) show the maternal sera to 
be of different order of magnitude from the cord sera, with a t of 16.9. The 
average value of 11.9 units in the sera of mothers at delivery compares with the 
authors’ range® of 2.2 to 8.6 for adults and to an average of 3.43 + 0.81 in our 
laboratory for women in early pregnancy.’® The average in the cord sera was 
7.0 units, significantly lower than in the mother at the time of delivery. 

The inorganie phosphate values, in Table IV, are an incidental finding as 
by-product of the alkaline phosphatase procedure which requires inorganic 
It is of interest, however, that the values for inorganic 
phosphate are significantly higher in the cord sera while the alkaline phosphatase 


phosphate analysis. 


is lower. 


TABLE III. ALKALINE 


Subjects 
Total range 
Average 
8.D. 


TABLE LV. 


Subjects 
Total range 
Average 
8.D. 


TABLE V. 


Subjects 
Total range 
Average 
8.D. 


TABLE VI. LactTk 


Subjects 
Total range 
Average 
S.D. 


In contrast to the esterases, 
The 


oxalacetie transaminase 


in the cord sera. 


PHOSPHATASE 


INORGANIC 


IN MOTHER 
UNITS ) 
MOTHER 
149 
5.5-19.1 
11.9 
+3.4 


PER 


MOTHER > 
134 

2.1-6.2 
3.9 

+0.73 


GLUTAMIC OXALACETIC TRANSAMINASE IN MOTHER 
SPECTROPHOTOMETRIC 


MOTHER 
161 
11-44 
22.0 
+6.7 


AND Corp SERA (ReEcORDED IN §8.J.R. 


CORD ; 
149 
3.8-11.3 
7.0 
+1.6 


PHOSPHATE IN MOTHER AND Corp Sera (RECORDED IN MG. P 
100 ML. Sera) 


: CORD 
129 
3.7-7.6 
5.4 
+0.80 


AND CoRD SERA (RECORDED IN 


UNITS ) 


CORD 
157 
13-50 
27.3 


+R 9 


} DEHYDROGENASE IN MOTHER AND CoRD SERA (RECORDED IN 


SPECTROPHOTOMETRIC 


MOTHER 
105 
80-362 
177 
+67 


the other 
aldolase 


(Table V 


figures were already reported." 


UNITS) 
CORD 
101 
135-520 
300 
+109 


enzymes investigated were higher 
Glutamie 


shows an average value for the mother at 


22.0 units and for the cord at 27.3 and with t equal to 5.28; the results are 
statistically valid with P<0.01. 
dehydrogenase where the mothers’ levels average 177 units and the cord 300 
units with a t of 8.15. 


Similar results are seen in Table VI for lactie 
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of mother enzyme level and the corresponding cord/mother ratio for 
cholinesterase (see Table I). 
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Scattergram of mother enzyme level and the corresponding cord/mother ratio for 
tributyrinase (see Table II). 
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Seattergram of mother enzyme level and the corresponding cord/mother ratio for alka- 
line phosphatase (see Table IIT) 
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Seattergram of mother enzyme level and the corresponding cord/mother ratio for aldo 
ase (see reference 1) 
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Scattergram of mother enzyme level and the corresponding cord/mother ratio for 
glutamic oxalacetic transaminase (see Table V). 
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Fig. 6.—Scattergram of mother enzyme level and the corresponding cord/mother ratio for lac- 
tic dehydrogenase (see Table V1). 
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The findings for the 6 enzymes are summarized in Table VII. 


TABLE VII. SumMMARY OF ENZYMES IN MOTHER AND CorD SERA 


ENZYME MOTHER CORD 
Cholinesterase 0.605 + 0.092 0.576+ 0.095 
Tributyrinase 0.607 + 0.115 0.566+ 0.115 
Alkaline phosphatase 119 +3. 72 6S 54 
Glutamic oxalacetic 

transaminase 22.0 + 
Lactic dehydrogenase 177+ 
Aldolase 19.6 + 


27.3 + 82 
300 + 109 
40.1 + 18.1 


Figs. 1 to 6 are seattergrams with the mothers’ serum enzyme level as the 
abseissa and the corresponding cord/mother ratio as the ordinate. The per- 
pendicular intersecting lines in the graph are drawn at the mothers’ aver- 
age enzyme level as a vertical line parallel to the y-axis, and the average 
cord/mother ratio as a horizontal line parallel to the z-axis. The graphs demon- 
strate that there is no relationship between the maternal and cord (infant) 
levels, for if such were the ease the points would be concentrated in a horizontal 
zone along the average cord/mother line. Where the mothers’ enzyme level 
was significantly below or above the average for the whole group, the correspond- 
ing cord level did not follow in the same range. Therefore, most of the points 
lie in the upper left and lower right quadrants. 

DISCUSSION 

We have been able to classify the 6 enzymes in this study of mother and 
cord serum into two groups: (1) the esterases which inelude cholinesterase, 
tributyrinase, and alkaline phosphatase and (2) those serum enzymes which 
are elevated in tissue necrosis in adults. The latter group includes aldolase, 
glutamic oxalacetiec transaminase, and lactic dehydrogenase. In the first group, 
the esterases, the levels are higher in the mother than in the newborn, while the 
reverse is seen with the other enzymes. 

West and Zimmerman" found transaminase and lactic dehydrogenase serum 
levels higher in the newborn when compared to the mother during pregnancy 
and in labor. Glendening and associates’? also noted higher whole blood trans- 
aminase levels in the cord. Wolfson and Williams-Ashman™ recorded higher 
activities of isocitric dehydrogenase in the newborn sera than in the mother at 
term. In the case of the esterases, Speert and associates’* showed that the 
alkaline phosphatase activity of the infant’s cord serum was lower than that of 
the mother’s serum. 

The placental barrier appears to separate the maternal from the fetal 
enzyme systems so that different levels exist in mother and fetus. The placenta 


itself ean, however, be a source of the enzymes and many of the known enzymes 
have been identified in placental tissue.*® 


With the possible exception of alkaline phosphatase, no reasons could be 
given for the differences of ‘enzyme activities in mother and newborn. It would 
seem reasonable to assume that the osseous activity in the mother at the end of 
pregnancy is at a higher level than in the fetus, hence the higher alkaline 
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phosphatase levels in the mother. With the other esterases, cholinesterase and 
tributyrinase, the reasons for the higher activity in the mother are less apparent. 

Of those enzymes in which the activities are higher in the cord serum, 
aldolase and lactie dehydrogenase are concerned with carbohydrate metabolism 
at the 6 and 3 carbon atoms, respectively. Transaminases are concerned with 
amino acid synthesis, protein metabolism, and only indirectly with carbohydrate 
metabolism. The higher activity of these enzymes in the fetal serum may be a 
reflection of the different metabolic states in mother and fetus. 

The findings that the enzymes which are elevated in the fetal serum are also 
those which are higher during necrotic processes in the adult may be of signifi- 
cance, or merely coincidental. We have previously noted’ that there was no 
known tissue breakdown occurring at birth that could account for the elevated 
aldolase in the fetal serum, and the same assumption may be made for trans- 
aminase and lactic dehydrogenase in this study. It might be more likely that 
an active metabolie and growth process is responsible for the higher enzyme 
levels in the fetus rather than tissue destruction. Elevated serum aldolase” 
and elevated lactic dehydrogenase’? have been reported in neoplastic disease. 
West and Zimmerman,'* in a study of lactic dehydrogenase in malignant disease 
state that-‘‘the elevated levels of this enzyme may reflect the mass of rapidly 
growing highly glycolytic tissue.”’ On that’basis one may also postulate that 
the enzyme increase in the fetus may be the result of an extensive growth 
process as compared to adults. 

The enzymes that are elevated in the fetal circulation are those that are 
known to oeceur in very high concentration in the erythrocytes. The red cells 
contain aldolase, transaminase, and lactic dehydrogenase in higher orders of 
magnitude than does the serum. Therefore one must consider as a cause of the 
higher levels the possibility of excessive red cell destruction and intravascular 
hemolysis in the fetal circulation. Smith’® states that ‘‘although hemolysis plays 
a part in the production of neonatal bilirubinemia and icterus, its role is not so 
outstanding as has often been supposed nor is the hemolysis of neonatal life the 
dynamie process often deseribed.’’ Mollison®® found that destruction of eryth- 
rocytes transferred from adults into newborn infants proceeded at a standard 
rate even when the infant was rendered polycythemie by transfusion. Further- 
more, Zimmerman and associates*! found lactic dehydrogenase abnormally 
elevated in the serum of patients with the hemolytic state of sickle-cell anemia 
while the serum enzyme was normal in most of the patients with hemolytic 
anemia. They explained this difference by the reasoning that in sickle-cell 
anemia erythrocyte destruction is intravascular while in the hemolytic anemias 
the destruction oceurs in the spleen. This would account for the different lactic 
dehydrogenase activities. No evidence can be found for any unusual intra- 
vascular hemolytic processes in the normal fetus and one may conelude also 
that the elevated enzyme levels in the cord sera at birth are not the result of 


hemolysis. 


The seattergrams (Figs. 1 to 6) indicate that there is no relationship be- 


tween the individual mother and the cord serum enzyme activity of her infant. 
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High, average, or low levels in the mother did not reflect corresponding levels in 
the cord blood of her infant. The seattergram points fall in a hyperbolie fashion 
rather than a zone parallel to the z-axis. The latter would be the ease if the 
mother and cord enzymes were in the same magnitude. The seattergram figures 
are similar for the 6 enzymes investigated, even though 3 of the enzymes show 
cord levels higher than the mother and the reverse in the other 3 enzymes. 


SUMMARY 


Enzyme activities were determined in cord sera and in the sera of mothers 
at the time of delivery. 


The enzymes studied were grouped into esterases (cholinesterase, tributy- 


rinase, and alkaline phosphatase), and those enzymes that are known to be 
elevated in necrotic processes (aldolase, glutamic oxalacetic transaminase, and 


lactic dehydrogenase). In the first group, the esterases, the activities were 


found to be higher in the mothers’ sera, while the reverse was seen with the 
other enzymes. It is suggested that the elevated levels of aldolase, transaminase, 
and lactic dehydrogenase in the newborn are not the result of tissue breakdown. 

There appears to be no relationship between the individual mother and the 
cord for any of the enzymes studied. 


The possible significance of the results is discussed. 


We wish to thank the Department of Obstetrics and Gynecology for cooperating in this 
study. The technical assistance of Isaac A, Ford and Michael E. Friedman is gratefully 
acknowledged. 
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SERUM TURBIDITY FOLLOWING A FAT MEAL AS A TEST 
OF MALABSORPTION 
J. D. Kasier, M.D.,* Wituiam H. Arwoop, Jr., M.D., 
AND Ropert F. Scumurec, M.D. 
Mapison, WIs. 


ITH better definition of the causes and treatments of the various 

malabsorption syndromes, their recognition has become increasingly im- 
portant. * The most commonly recognized defect in absorption involves fat 
and is manifested as steatorrhea.* Unfortunately, present methods of de- 
tecting steatorrhea are involved or require special equipment and techniques 
not readily available. In 1956, Gardner and Santiago‘ described a butterfat 
tolerance test and evaluated it in normal persons and in patients with steator- 
rhea due to tropical sprue. Their test was simple, required no involved 
nor special techniques, and appeared suitable for use as a screening procedure 
for malabsorption. 

This study was designed to evaluate a similar test having somewhat 
different criteria and using a fat dose related to body weight in a variety of 


malabsorption syndromes and diseases with known alterations in alimentary 
lipemia. 


MATERIALS AND METHODS 


An initial blood serum sample was obtained from the fasting subject. A test meal 
was then eaten which consisted of 0.5 Gm. per kilogram of body weight of commercial butter, 
two pieces of toast, 100 ml. of orange juice, and a cup of black coffee without sugar. 
Subsequently, blood serum samples were obtained at hourly intervals for 5 hours. The 
optical density of each postcibum serum sample was determined in a Beckman DU spectro 
photometer at wave length 620 my using the fasting serum as a ‘‘blank.’’ 

Based on the results in the normal group, an increase in optical density greater than 


0.1 in any postcibum sample was chosen as the ‘‘normal’’ value. 
RESULTS 

One hundred and forty-six tests were done in 121 persons. 

The control group included 49 subjects without known gastrointestinal 
disease (Fig. 1). Eighteen were nonhospitalized volunteers without evidence 
of any disease. The remaining 31 were patients with diseases not involving 
the gastrointestinal tract. Diagnoses included polycythemia vera, arteriosclerotic 
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cardiovascular disease, rheumatoid arthritis, osteoarthritis, anxiety reaction, 
bronchiectasis, and pulmonary tuberculosis. There were 20 women and 29 
men ranging in age from 15 to 81. 

Also tested were 23 hospitalized patients with diseases involving the gastro- 
intestinal tract but without evidence of malabsorption as judged by other 
parameters of intestinal function. Gastrointestinal x-rays, vitamin A tolerance 
tests, glucose tolerance tests, tests of vitamin B,. absorption, iron tolerance 
tests, and I'*'-tagged fat absorption tests were utilized, but not every member 
of this group had all of these tests (Fig. 1). Diagnoses in this group included 
psychophysiologie gastrointestinal reactions with diarrhea, ulcerative colitis, 
postgastrojejunostomy state, peptic ulcer, postcholecystectomy, and acute 
amebiasis. Ages ranged from 14 to 81, and 9 of the group were women. 

The above two groups were combined in the tabulation as the ‘‘normal’’ 
group (Fig. 2 Kight of the combined (normal) group failed to develop a 
postprandial lipemia with an optical density change greater than 0.1. No 
other abnormal parameters of absorption were found in 5 of these 8 subjects 
who were investigated further (Table I). 

TABLE I. ResuLTS or TESTS IN 5 OF 8 PERSONS WITHOUT EVIDENCE OF MALABSORPTION But 


HAVING ABNORMALLY Low Serum TursBipiry FoLLOwING THE Fat TEST MEAL 
" NORMAL ) 


FECAL [131 VITAMIN A GLUCOSE IRON 
rRIOLEIN rOLERANCEI TOLERANCE TOLERANCE | VITAMIN B,, 
PATIENT EXCRETION rEST TEST TEST ABSORPTION 
. wa.F N N N 
2. F.M N N 
W. HH. 
A. Tie 
5. G.M 


Twenty-five patients with intestinal malabsorption were tested (Fig. 2). 


we 
ie 


Their ages ranged from 29 to 73 years, and 11 were women. Diagnoses in this 
group ineluded nontropical sprue, regional enteritis, chronic pancreatitis, com- 
plete common bile duet obstruction, extensive small bowel resection, diabetic 
splanehnie neuropathy, and lymphoma involving the small bowel. Malabsorp- 
tion was documented as depicted in Table Il. None of the patients in this 
group developed lipemia with an optieal density greater than 0.1 after the test 
meal. 

Kighteen patients with diffuse hepatie disease were tested (Fig. 3). Their 
ages ranged from 16 to 74, and 8 were women. Patients were placed in this 
group on the basis of liver function tests and biopsy findings, and the diagnoses 
ineluded portal cirrhosis, biliary cirrhosis, acute hepatitis, and multiple metas- 
tases to the liver. Seven of these patients had an abnormal response to the fat 
test meal. In general, the latter had more severe hepatic disease, although 


jaundice was not always present. 


In addition, 4+ of 6 patients with thyrotoxicosis had an abnormally low 


serum turbidity following the fat meal (Fig. 3). Their ages ranged from 34 
to 68 years. The diagnosis of thyrotoxicosis was substantiated in each person 
by radioactive iodine studies. 





aber SERUM TURBIDITY AS TEST OF FAT MALABSORPTION 
umber 5 


49 PATIENTS 23 PATIENTS 





GREATEST INCREMENT IN OPTICAL DENSITY 
AFTER TEST MEAL 











NO GI DISEASE GI DISEASE 


NO EVIDENCE OF MALABSORPTION 


Fig. 1.—Control series. Each dot represents one person The subjects represented in 
the left column had no gastrointestinal disease; those on the right had diseases or conditions 
involving the gastrointestinal tract but did not have malabsorption The horizontal line at 
0.1 is the arbitrary value chosen to separate normal and abnormal, 
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Fig. 2.—Control series versus series of subjects with 
Fig. 1 have been combined in the left column On the right are depicted 
subjects with malabsorption 
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results of testing 
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Five of the healthy persons with a normal rise in serum turbidity were 
retested and the results were again normal. Ten persons with initially abnormal 
results were retested. Of these 10 persons, 8 again had abnormal tests. One 
of these 8 subjects had an abnormal test on 3 oceasions. This person (Subject 
K. K. in Table I) had no signs or symptoms of gastrointestinal, liver, or thy- 
roid diseases. Two persons (whose initial tests were abnormal) had normal 
responses to the second fat test meal. One of these latter had a hemoglobin 
of 4.0 Gm. per 100 ml. and a hematoerit of 15 due to iron deficiency at the time 
of the initial test, but the test was subsequently normal after the hemoglobin 
had been restored to 16 Gm, and the hematocrit to 48 by iron therapy. Other 
tests for malabsorption in this patient were normal at the time of the second 
butterfat tolerance test (Subject H. P. in Table I). It is possible that the 
accelerated circulation and relatively greater plasma volume accompanying the 
chronie severe anemia were responsible. The second person was without signs 
or symptoms of gastrointestinal, thyroid, or hepatic diseases, was not anemic, 


and other tests of intestinal absorption were normal (Subject F. M. in Table I). 
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PARENCHYMAL HEPATIC THYROTOXICOSIS 
DISEAS 


tesults of fat tolerance tests in patients with parenchymal hepatic disease (left) 
and thyrotoxicosis (right) 


DISCUSSION 
Since neutral fat in serum is present principally as minute refractile 
globules, these may be enumerated in a dark-field chamber and the result. re- 
corded as ‘‘chylomicron counts.’’" The chylomicron counting method has 
been shown to correlate well with the chemical determination of serum neutral 
fat in patients with steatorrhea secondary to pancreatitis.* Chylomiecron counts 
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correlated well with optical density in a limited number of patients in the same 
study. This technique, however, is tedious and requires an experienced tech- 
nician. 

Chylomicrons in the aggregate are responsible for alimentary lipemia.’ It 
is the latter which is the major determinant of serum turbidity, and thus op- 
tical density."° Technically, optieal density is simple to determine. No critical 
measurements, reagents, or color developments are required. Although a Beek- 
man DU spectrophotometer was used in this study, theoretically any device 
capable of measuring optical density would be suitable. The wave length of 
620 mp was chosen to minimize the effect of hemoglobin in the serum. 


Butter was used as the test fat because of its acceptability and availability. 


The dose of 0.5 Gm. per kilogram was arbitrarily chosen as a quantity small 
enough to be palatable but large enough to challenge the intestine and to pro- 
duce lipemia. All of the subjects were able to eat the entire test meal, and no 
adverse effeets were observed. 

In any oral tolerance test, the amount of the test substance in the blood 
at any given moment is related to many factors. These include the amount 
ingested, the physical state of the substance, gastric emptying time, rate and 
site of intestinal absorption, the blood volume, and the rate of clearing from 
the blood. 

It has been previously demonstrated that simultaneous ingestion or injec- 
tion of carbohydrate reduces alimentary lipemia.'' For this reason, the quantity 
of earbohydrate in the test meal was kept constant. Simultaneous ingestion of 
protein may also reduce alimentary lipemia.” 

Clearing of neutral fat from the serum of thyrotoxie subjects and some 
patients with diffuse parenchymal hepatie disease may be accelerated.’ Ae- 
cordingly, reduced alimentary lipemia in patients with liver disease or hyper- 
thyroidism is not necessarily evidence for malabsorption. In general, patients 
with liver disease who failed to develop normal serum turbidity following the 
test meal had the more severe disease as judged by the liver biopsy and fune- 
tional tests. One of the 4 of 6 patients with thyrotoxicosis whose initial test was 
abnormal was retested when she had become euthyroid following treatment with 
I'*'. The test was then normal. 

Serum turbidity is less influenced by other variables. Exercise has an 
neonstant but limited effect on alimentary lipemia.’ '* All tested subjects 
were sedentary but not necessarily at rest nor in bed. One Subject (K. K. in 
Table 1) had an abnormal test when actively working, but retesting during bed 
rest did not significantly alter the result. Diarrhea not associated with mal- 
absorption, moderately severe anemia, ascites, congestive heart failure, disease 
of the colon, and hypothyroidism per se were not found to affect the test results. 

In the ‘‘normal’’ group (Fig. 2), the fasting serum carotene level and the 
vitamin A tolerance curve was determined in 6 subjects. Glucose absorption 
was tested in 11. All of the values were normal; thus, there were no ‘‘ false 
positives’’ attributable to these tests in this study. 

Nine vitamin A tolerance tests were done in the 15 patients with malab- 
sorption not due to chronie pancreatitis or common duct obstruction. The values 
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obtained were all abnormally low and thus there were no ‘‘false negatives”’ 
attributable to this test. Of this same group, 3 of the 9 tested had normal fasting 
serum earotene levels. Fourteen of these 15 subjects had glucose tolerance tests. 
Five of the curves obtained were normal or elevated and thus were ‘‘false 


negatives.’”’ 


It is not known why a few persons without history or findings of gastro- 


intestinal disease failed to develop the expected serum turbidity following the 


test meal. In 3 of these subjects, fat absorption was normal as measured by 
an I'*'-tagged neutral fat exeretion method (Table I). None of these 3 had 
thyrotoxicosis or hepatic disease. 


SUMMARY 


One hundred and forty-six determinations of the maximum increase in 
optical density of the blood serum following a meal containing a known amount 
of butter were made in 121 persons. 

All of the 25 patients known to have malabsorption had abnormal test. re- 
sults. In the absence of thyrotoxicosis or hepatie disease, the measurement of 
serum turbidity following a fat meal is a simple and useful sereening test for 
malabsorption. 


We appreciate the assistance of the Dietary Department of the University Hospitals, 
Madison, Wis. 
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DELAY OF ABSORPTION OF RADIOLABELED CYANOCOBALAMIN 
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WITH THE TECHNICAL ASSISTANCE OF Lots OLIN, B.S. 


ECENTLY methods have been developed for the measurement of plasma 

absorption of vitamin B,. following oral administration of radiolabeled 
eyanocobalamin.” * <A relatively rapid influx of radioactivity into the blood 
was observed in control subjects as well as in patients with Addison’s pernicious 
anemia following large oral test doses,’ while entirely different results were 
obtained after small test doses.'* Control subjects showed no or negligible 
absorption during the first 3 to 4 hours of the tests, followed by a rapid rise 
in radioactivity and peak concentrations in the 8- to 12-hour interval follow- 
ing doses ranging from 0.46 to 2.0 »g.** The same was true for patients with 
Addison’s pernicious anemia when intrinsie factor (IF) was administered to- 
gether with the labeled cyanocobalamin.’* This delay in the rise of the 
plasma radioactivity after small oral test doses is a rather unusual phe- 
nomenon and has received previous comment.'* 

The results of radioactivity measurements over the abdomen and liver,” ° 
as well as stadies of the urinary excretion of radioactivity,’ and of the plasma 
absorption patterns of peripheral venous blood’ * have all been interpreted as 
being consistent with a slow absorption of vitamin B,, through the intestinal 
wall. However, alternative explanations such as rapid absorption from the 
intestine with temporary storage in the liver or other extragastrointestinal 


organs’ * °° or an effect of gastrointestinal transit time’ * ° were not entirely 
ruled out. ; 


The purpose of the present report is to deseribe results of studies made to 
determine more precisely the nature of the delayed plasma absorption of 
cyanocobalamin following small oral doses in the presence of intrinsie factor. 


MATERIALS AND METHODS 


Included in this report are the results of absorption studies in 10 control subjects, in 


5 patients with portacaval shunts, one of which has been reported previously’; in 1 


From the Hematology Section, Medical Service, Veterans Administration Hospital, 
the Department of Medicine, University of Minnesota Medical School, Minneapolis, Minn. 

Supported in part by a grant from Eli Lilly & Company 

These observations were reported in part at the 
of Hematology in Rome, September, 1958 


and 


Congress of the International Society 
Received for publication Feb. 2, 1959 
*Instructor in Medicine, University of Minnesota Medical School, and 
tration Clinical Investigator, Veterans Administration Hospital, Minneapolis. 
**Associate Professor of Medicine, University of Minnesota Medical School, and Chief, 
Hematology Section, Medical Service, Veterans Administration Hospital, Minneapolis 


Veterans Adminis- 


434 





a 5¢ DELAY OF ABSORPTION OF RADIOLABELED CYANOCOBALAMIN = 435 
umber 3 

patient whose portal vein was catheterized; and in 2 patients with ileostomies. The 
plasma absorption was determined according to a previously described technique.?,3 The 
test doses consisted of 0.56 wg amounts of cyanocobalamin labeled with 0.5 pe Co60* 
except in one instance where 0.39 ye Co® was used. The doses were administered to the 
subjects in the fasting state and food was withheld for 2 more hours. Radioactivity of 
blood samples was measured in 20 milliliter amounts of plasma in a well-type scintillation 
counter. An automatic vial changer facilitated the use of a pre-set count of 32,000 for 
each determination. Since 5 counts per minute (¢c.p.m.) were equal to 3 times the standard 
deviation of the background count, any figure above 5 was considered significant. Fecal 
radioactivity was determined in 20 ml. aliquots of homogenized stool. In vivo counting over 
the liver and abdomen was carried out by the method of Glass and associates? as described 
elsewhere. The abdominal radioactivity figures are the averages of the counts obtained over 


the lower and upper left abdominal quadrants. 


Intrinsic factor was assumed to be present because of the normal types of peripheral 
blood absorption curves obtained in each instance. 


RESULTS 


mn 
' 


‘he observed delay in the rise of radioactivity in peripheral blood could 
result from slow absorption from the intestine or from an effect of the liver, 
lungs, or peripheral tissues. In order to circumvent the possible role of the 
liver, the plasma radioactivity patterns were determined in 5 patients with 
portacaval shunts. All 5 patients had Laennee’s cirrhosis of the liver. The 
portacaval shunting operations had been performed 2 to 56 months before the 
absorption tests. In all 5 patients the radioactivity curves of the plasma were 
similar to those of 10 control subjects (Fig. 1). If the livers were effectively 
bypassed by the portacaval shunts, these results indicated that the liver did 
not cause the delay in the rise in plasma radioactivity. One of the 5 patients 
(K. H.) has died since the test was performed and autopsy revealed a widely 
patent portacaval shunt. The clinical courses of the other 4 patients indicated 
well-functioning shunts, 

In order to exelude the liver more definitely, and at the same time exclude 
possible effects of the lungs and peripheral tissues, serial blood samples were 
obtained by catheter directly from the portal vein in 1 subject. The patient 
was a 29-year-old man who had cirrhosis of the liver of unknown etiology. 
Because of hemorrhage, apparently from esophageal varices, a portacaval 
shunt operation was contemplated. However, at laparotomy the portal venous 
pressure was found only mildly elevated (25 em. of water) and the shunt 
procedure was not carried out. A catheter was left in the portal vein for 
several days to record variations in pressure. On the fifth postoperative day 
when the patient’s gastrointestinal functions had returned to normal, an 
absorption test was performed. Six samples of blood were obtained serially 
from the portal vein by means of the indwelling catheter and 2 samples were 
obtained from a peripheral vein. X-ray examinations before and upon com- 
pletion of the absorption studies showed the catheter correctly placed. There 
was a delay in the rise of the plasma radioactivity in the portal vein with 
highest values at 6 and 8 hours (Fig. 2). The two peripheral blood samples 


*Kindly supplied by Dr. N. S. Ritter, Merck & Company, Inc., Rahway, N. J. 
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showed low activity at 3 hours and higher activity at 8 hours—a normal 
pattern of absorption. In order to double check on the possibility of an early 
influx of radioactivity into the portal vein, the absorption test was repeated 
the next day. Portal vein blood samples were obtained immediately before 
the repeat oral test dose for a background count and 1 and 2 hours after the 
dose. These samples confirmed that there was slow absorption into the portal 


system, 


80 
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Fig. 1 Plasma absorption of cyanocobalamin in peripheral venous blood in 10 control 
subjects (shaded area) and in 5 patients having functioning portacaval shunts (solid lines). 
Oral test dose 0.56 wg vitamin Be (0.5 we Co™) 
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Plasma absorption of cyanocobalamin in portal vein blood (solid dots and crosses) and 
in peripheral venous blood (circles). Oral test dose 0.56 wg vitamin By (0.39 we Co) 
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The delayed rise in plasma radioactivity found in portal vein blood of this 
patient and in the peripheral blood of patients with portacaval shunts indicated 
that slow absorption from the intestine was responsible for the delayed rise in 
plasma radioactivity routinely found after small oral test doses of radiolabeled 
eyanocobalamin in the presence of intrinsic factor. 
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Fig. 3.—Measurements of fecal excretion of radioactivity in 2 patients with total colectomy and 
ileostomy with simultaneous plasma absorption curves from peripheral venous blood 
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Fig. 4.—In vivo radioactivity measurements over the hepatic and abdominal areas in 
2 patients with total colectomy and ileostomy. The abdominal radioactivity is the average 
count obtained over the upper and lower left quadrants. Oral test dose 0.56 ywe vitamin Br 
(0.5 pe Co™). 
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Slow absorption from the intestine could result either from a delay in 
transit of the test dose to an area or areas of the intestine where absorption 
occurs, or from slow transport through the intestinal wall itself. In order to 
determine which mechanism prevails, absorption studies were made in 2 patients 
who had ileostomies because of total colectomy for ulcerative colitis (Fig. 3). 
In each case the peripheral blood showed the usual delay of rise in the plasma 
radioactivity. However, in both instances the bulk of the radioactivity which 
was excreted had already passed through the entire small bowel and into the 
ileostomy bag within the first 5 hours. 

In vivo hepatic and abdominal radioactivity measurements were made in 
these 2 patients and the results are shown in Fig. 4. After the rather rapid 
evacuation of radioactivity into the ileostomy bags during the first day, in each 
patient there was persistence of radioactivity over the abdomen with only a 
gradual rate of fall. During this time hepatie radioactivity increased. 

DISCUSSION 

These studies provide more direct evidence than heretofore available con- 
cerning the delay of absorption of small doses of radiolabeled eyanocobalamin 
in the presence of intrinsic factor. They show that under these conditions 
cyanocobalamin is stored temporarily in the intestinal wall with slow release 
to the blood stream. 

The radioactivity measurements of serial blood samples obtained directly 
from the portal vein were of particular note. There was no measurable 
radioactivity during the first 2 hours of the tests followed by a rise in plasma 
radioactivity, similar to the eurves obtained from peripheral blood. This 
demonstrated that slow absorption from the intestine caused the delay of the 
rise of radioactivity found in the peripheral blood. The observations in the 
patients with portacaval shunts were in agreement with this conclusion. 

The peak of radioactivity of the portal vein blood was at 6 hours, while 
it is usually found in the 8- to 12-hour interval in the peripheral blood. How- 
ever, there were only 2 ¢.p.m. difference between the 6- and 8-hour samples 
of portal blood. This difference is not statistically significant. Moreover, 1 
of the 10 control subjects had equal radioactivity values in the 6- and 8-hour 
peripheral samples. The most important characteristic, i.e., the absence of 
radioactivity during the first hours of the tests, was similar for both portal 
and peripheral blood curves. 

Of interest was the fact that the portal vein blood radioactivity was 
significantly higher than that found in a peripheral blood sample obtained 
at the same time. This discrepancy has been found in dogs*® and by us in 
other patients.” The difference may result from deposition or utilization of 
some of the radioactive vitamin B,, in the liver, lungs, or peripheral tissues 
or may result simply from a dilution effect since the portal venous blood 
volume is much smaller than the total blood volume of the body. 

The studies in the 2 patients with ileostomies were necessary to define the 
nature of the delayed absorption from the intestine. It was found that the 


major portion of the radioactivity excreted from the small intestine appeared 
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in the ileostomy bags before the peak of radioactivity in the peripheral blood. 
Although these observations do not reveal the specific site or sites of absorp- 
tion, they eliminate transit time as the factor responsible for delayed absorp- 
tion. At the same time, the observation of persistence of abdominal radio- 
activity with a slow increase in hepatic radioactivity is consistent with tem- 
porary storage of eyanocobalamin in the intestinal wall resulting in delayed 
and prolonged release to the blood. 


SUMMARY AND CONCLUSIONS 


1. This study was made to determine the approximate locus of delay of 
absorption into the plasma of small doses of radiolabeled cyanocobalamin in 
the presence of intrinsic factor. 

2. Absorption curves obtained from peripheral blood in 5 patients with 
portacaval shunts and from the portal vein blood of 1 subject showed delays 
of the peak plasma radioactivity consistent with slow absorption from the 
intestine. 


» 


3. Observations were made in 2 patients with ileostomies and colectomies 
to ascertain the cause of the retarded intestinal absorption. Maximum 
excretion of radioactivity into the ileostomy bags occurred before peak radio- 
activity appeared in the peripheral blood. On the other hand, radioactivity 
measurements in vivo showed persistence of abdominal radioactivity with a 
gradual rise in hepatic radioactivity. 


4. It is concluded that the delayed plasma radioactivity peak under the 


conditions of these studies results from slow intestinal absorption which is 


due to temporary storage of cyanocobalamin in the intestinal wall. 
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VER the past two decades much progress has been made in understanding 

the pattern of structural damage and of functional derangement in the 
syndrome of reversible acute renal failure which may result from such diverse 
causes as hemorrhage, burns, crushing injury, shock, and a variety of nephro- 
toxins. Much evidence has accumulated which indicates that at the time of 
the initial insult to the kidney, renal blood flow is sharply diminished. The 
definitive studies of Oliver and associates' employing microdissection of entire 
nephrons have shown that in a variety of renal lesions in which an endogenous 
or exogenous substance toxic to the kidney is involved there is tubular necrosis 
often sharply localized to tubular cells in a particular portion of the nephron. 
In addition, in all fatal human cases of such poisoning and in severe poisoning 
in experimental animals there is disruptive tubular damage or tubulorhexis, 
spotty in distribution and thought to be due to ischemia from reduced renal 
blood flow. There has been, however, considerable divergence of opinion as 
to how long the reduction in renal blood flow persists and more particularly 
as to whether such a reduction is a major and necessary factor in producing 
the associated oliguria or anuria. 

In the present study, potentially reversible acute renal insufficiency was 
produced in the rat by the administration of mercuric chloride by a technique 
similar to that of Oliver,? which is designed to produce chiefly nephrotoxic 


damage. The perfusion of the renal glomeruli was studied by the technique 


of Schlegel, in which small blood vessels are visualized by means of a fluorescent 
dye. The glomerular perfusion at various intervals after the chemical insult 
has been correlated with the degree of oliguria produced and with the histologic 


damage. 
MATERIALS AND METHODS 


Albino rats of the Sprague-Dawley strain weighing between 170 and 310 Gm. with an 
99° 


average of 223 Gm. for the controls and 269 Gm. for the experimental animals were used 
throughout the experiments. 
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The distribution of renal blood flow was studied by the method of Moses and Schle- 
gel3 by the injection of thioflavin-S, a fluorescent dye which attaches itself to the intima 
of the blood vessels through which it passes and which may be visualized under ultraviolet 
light. In the concentrations used the dye has no direct physiologic effect on the small blood 
vessels.4 

Rats used for the studies were kept in metabolism cages and, to obtain a high rate 
of urine flow, were given only 7 per cent dextrose in water as a source of nourishment for 
48 hours before the experimental procedure and thereafter. This ensured a urine flow of 
from 34 to 110 ml. per day with an average of 80 ml. The glomerular perfusion of the 
control animals was then visualized by the following method. The animals were anesthetized 
with 0.4 mg. per kilogram bodyweight of sodium pentobarbital given intraperitoneally. A 
midline incision was made in the abdomen and one of the femoral veins was exposed in the 
inguinal region. The wounds were covered with pads moist with saline, and 20 minutes was 
allowed for a return to equilibrium, after which 0.3 ml. of 4 per cent thioflavin-S in saline 
was injected intravenously. Thirty seconds after the injection the hilum of the right kidney 
was clamped and the organ dissected free. It was later found that comparable and technically 
more satisfactory results in normal and experimental rats were obtained if the hilum of the 
kidney was pinched without compressing the parenchyma and the organ rapidly avulsed. The 
kidney was then weighed, sectioned in the median longitudinal plane, and immersed in glye 
erin. The cut surface was then pressed firmly to a glass slide to maintain it in a single 
plane and examined by incident ultraviolet light from a mereury are lamp with 80 per cent 
of its emission between 3,600 and 3,700 A. In an initial series of rats, photographs were 
made of the entire section of cortex. However, it was found difficult to obtain photographs 
in which all of the fluorescent glomeruli consistently remained in the plane of focus. For 
this reason the technique of Hartman and Flagg5 was used, with slight modifications, in 
which direct counts were made of the glomeruli by means of a micrometer eyepiece fitted 
with a ruled grid and a yellow filter to eliminate potentially harmful ultraviolet light. In 
each kidney a total of 25 squares, each slightly under 1 mm.? in area, was counted along 
the subcapsular region. Repeat counts of glomeruli in normal kidneys were found to be 
reproducible within 5 per cent and in damaged kidneys within about 10 per cent. Histologic 
sections were made of all kidneys, using both hematoxylin-eosin and Mallory’s trichrome stains. 

The capsular and medullary tissue of normal kidneys exhibit a strong natural fluo 
rescence under ultraviolet light and areas of necrotic tissue in damaged kidneys likewise 
fluoresce. However, the glomerular tufts were not visible in such severely damaged kidneys 
when no thioflavin was injected. The kidneys subjected to mereury poisoning were edematous, 
as indicated by an increase in weight per 100 Gm. of rat weight of from 0.86 to 1.10 Gm. 
This edema increased the area of the cut surface of the kidney, thus reducing the glomerular 
counts per unit area. However, the length of the normal kidney is reduced 9 per cent as a 
result of dehydration by immersion in glycerin. It is probable that the edematous kidney 
is even more greatly contracted by this dehydration, although measurements were not made 
to determine this point. Since a number of uncertainties are involved in any attempt to 
correct for these factors, and since the results would not be materially affected, no such 
correction has been attempted. All of the counts were made by one person (B. 8.), while 
frequent counts were checked by a second observer. 

Acute renal insufficiency was induced in the experimental animals by subcutaneous 
injection in the flank of 10 mg./Kg. of bichloride of mercury, a dose previously found? to 
induce anuria or severe oliguria in a high percentage of rats while fatally poisoning only 
a small per cent. 

In a number of animals with chronic renal lesions, blood urea nitrogen determinations 
were made by the method of Gentzkov. 


RESULTS 


In Fig. 1 is shown a median longitudinal section of the renal cortex from 


a normal rat in which the glomeruli are sharply visualized by means of fluores- 


cent dye. In our series of 18 normal control male rats averaging 223 Gm., an 
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average of 18.5 + S.D. 1.1 glomeruli per mm.* was visualized. These counts 
are considerably lower than that of 25.3 glomeruli per mm.* reported by Hart- 
man and Flagg, using an essentially similar technique.’ This is explained by 
the fact that their rats were smaller, ranging from 60 to 160 Gm. 


Fig. 1 Median longitudinal section of the kidney of a normal rat viewed by ultraviolet 
light following injection of thioflavin-S 30 seconds prior to removal The capsule and the 
) 


° 


medullary structures are naturally fluorescent (Magnification x20; reduced %. 


Fig. 2 Median longitudinal section of the kidney of a rat 48 hours after administration 
of 10 mg./Kg. of mercuric chloride. Output of urine was 1 ml. during the 24 hours prior to 
study Technique as in Fig. 1 (Magnification x20; reduced %.) 

It was found that a subeutaneous dose of 10 mg./Ke. of bichloride of 
mereury in these young mature rats was sufficient to produce oliguria or anuria 
in a majority of the rats; 10 per cent were killed, and a diuretic response was 


produced in 12 per cent. This response is consistent with that found by Oliver,’ 


employing the same dose of mereurie sublimate. 
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Fig, 2 is a photomicrograph of the cortex of the kidney of a rat with severe 
oliguria resulting from administration of mereurie chloride 2 days previously. 
This animal had developed marked oliguria with a urine volume of only 4 ml. 
the first day and 1 ml. the second day after the injection. When compared 
with the normal cortex of Fig. 1, there is evident little if any reduction in the 
number of perfused glomeruli. 
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Fig. 3.—The relation of urine flow to the number of active glomeruli demonstrable by 
use of thioflavin-S in rats given mercuric chloride 10 mg./Kge. The output of urine during 
the day preceding the glomerular count is graphed on a log scale. The vertical dashed line 
represents the average urine output prior to giving mercuric chloride. The heavy horizontal 
line represents the mean glomerular count of 18 normal rats and the stippled area 2 standard 
deviations above and below this mean. The numerals marking the values for each rat indicate 
the number of days which had elapsed subsequent to giving the mercuric chloride. 


Fig. 4 Section of the cortex of the kidney from a rat 72 hours after administration of 
mercuric chloride 10 mg./Kg. This rat had a diuretic response of 55, 69, and 120 ml. of urine 
on successive days There were 13 perfused glomeruli per square millimeter of sectioned cor- 


tex (Magnification «80; reduced %.) 
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In a series of 48 rats given mercuric chloride, counts of the number of 


perfused glomeruli in 44 surviving animals were compared with those of normal 
rats. 


The experimental animals considered as a group had a majority of the 


glomeruli actively perfused, a mean of 11.1 + 2.4 as opposed to 18.5 + 1.05 in 
the experimental group. The counts in the experimental kidneys are not cor- 
rected for edema secondary to administration of the mereurie chloride. 


If such 
a correction were made, it would further minimize the difference. 


Fig. 5.—Section of the cortex of the kidney from a rat 96 hours after administration of 
mercuric chloride 10 me./Ke Urine flow was 0 and 4 ml. on successive days. The technique 
was the same as in Fig. 4. There were 14 perfused glomeruli per square millimeter of sec- 
tioned cortex 


The diagram in Fig. 3 shows the relation between the number of visualized 
active glomeruli both to the urine flow and to the length of time following ad 
ministration of mereurie chloride. No correlation was found between the 
period of time following the injection of the mereury, whether 1, 2, 3, 4, or 7 
days and the number of glomeruli actively perfused. Likewise, no correlation 
was found between the number of glomeruli actively perfused and the volume 
of urine exereted during the 24 hours before the counts were made. 

On histologic examination varying degrees of damage ranging from cloudy 
swelling to tubular necrosis were noted. A low-power view of a kidney exam- 
ined on the fourth day after administration of mereury and showing minimal 
tubular damage is shown in Fig. 4. The glomeruli are intact and filled with 
red blood cells, which stain brilliantly with Mallory’s trichrome stain. Moder- 
ately well-preserved loops of proximal convolutions are visible. Other tubular 
cells show a loss of affinity for the stain, but no gross disruption or necrosis. 
The animal from which this kidney was taken did not develop oliguria following 
the injection of mereury and on the fourth day had a diuresis of 120 ml. per 
day. In this particular animal, the glomerular count was 13 per mm.? of the 


sectioned cortex as compared with the normal mean of 18.5. In Fig. 5 is 
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shown a low-power view of the kidney from a rat examined on the fourth day 
following administration of mercury. This rat was severely oliguric with vol- 
umes of urine of 7, 0, and 4 ml. per 24 hours on the 3 successive days. The 
cells of the proximal convolutions are swollen, but still darkly staining and 
may be viable, but other cells have both their cytoplasm and nuclei so disrupted 


as to be unrecognizable. In addition, there are eosinophilic casts within a num- 
ber of the tubules. The glomerular capillaries, however, appear normally filled 


Fig. 6.—High-power view of the glomerulus from the kidney of a rat with 24-hour urine 
volumes of 4 and 0 mil. 48 hours after administration of HgCl: 10 mg./Kg. Mallory's trichrome 
stain. (Magnification «400; reduced %.) 


Fig. 7.—Low-power photomicrograph of the renal cortex of a rat 7 days after the ad- 
ministration of mercuric chloride 10 mg./Kg. There were 9 perfused glomeruli per square 
millimeter of sectioned cortex. (Magnification x80; reduced %.) 
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with red blood cells. The glomerular count in this severely damaged kidney 
was 14 per mm.* which is close to the normal range of 18.5 + 8.D. 1.1. In Fig. 
6 is shown a high-power view of damaged tubular cells in juxtaposition with a 
normal-appearing glomerulus from a severely anurie rat. This lack of correla- 
tion between the degree of histologic damage to the renal tubular cells and both 
the histologic appearance of the glomeruli and their perfusion with the fluores- 
cent dye was seen throughout the entire group of sections. 

Three rats were examined 7 days after administration of mercuric chloride. 
One remained oliguriec and two entered a diuretic phase, but had slight azotemia 
at the time of examination. Histologic sections showed apparent enlargement 
of the lumen of many nephrons with regeneration of darkly staining, flat, 
atypical tubular epithelium with considerable distortion of the normal archi- 
tecture. In Fig. 7 is shown a typical field in a rat with a glomerular count 
of 9 per mm.” and a blood urea nitrogen of 23. 


DISCUSSION 


Over a period of years a number of theories have been advanced to explain 
the anuria of acute renal insufficiency. Over 30 years ago Dunn® assumed that 
the oliguria could be explained by back-diffusion through the grossly damaged 
tubular epithelium, and since then others have advanced the same explanation 
(Riehards,’ Corcoran and associates,* Bywaters and Dible,® Redish and co- 
workers,'® Marshall and Hoffman,’ and Friedman and associates.'* 

There are conflicting reports of renal blood flow in acute renal insufficiency 
resulting from nephrotoxic agents. Because of the low extraction ratio of para- 
aminohippurate (PAH) in the presence of tubular necrosis, estimation with 
PAH is difficult even if renal vein catheterization is performed and the Fick 
principle applied. Sirota'® has reported two relatively normal and two mark- 
edly reduced values for renal plasma flow in patients poisoned with carbon 
tetrichloride when studied from & to 27 days after onset of oliguria. Bull” 
reported measurements of renal plasma flow by use of PAH and renal vein 
catheterization in 6 patients with acute tubular necrosis from the third to the 
seventeenth days and found all to be below 150 ml. per minute. On the basis 
of these measurements and others by conventional clearance techniques he postu- 
lated that during the phase of anuria renal blood flow is minimal and that not 
until return of renal blood flow to near normal levels is the early diuretie phase 
initiated. In more recent studies, renal blood flow has been measured by em- 
ploving the Fick principle and the diffusion into the kidney of an inert gas. 
The finding of Conn and associates'® that marked renal circulatory derange- 


ments in dogs were not necessarily concomitant with tubular damage produced 


by mercury is consistent with that of the present study in rats. Employing 
nitrous oxide, they found that the lower blood flow obtained in 4 surviving 
dogs was 155 ml. per 100 Gm. of renal tissue, and the highest was 400 ml., as 
compared to their normal range of 290-400 in control animals. Prerenal factors 
may have contributed to the reduction of renal blood flow, since all the experi- 
mental animals were suffering from dehydration and bloody diarrhea. Renal 
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edema was not noted. Somewhat similar results were obtained by Brun and 
co-workers'® who measured renal blood flow with radioactive krypton*® in pa- 
tients with acute renal insufficiency from barbiturate poisoning. In general, 
renal blood flow and oxygen consumption were reduced to 20 and 25 per cent, 
respectively. Those subjects with a severe reduction of renal blood flow were 
at the same time anuric. Nevertheless, one subject with a reduction in renal 
blood flow of only 30 per cent was as severely anuric as those with reduced flows. 

In considering possible mechanisms of anuria, Oliver and co-workers! point 
out that a constellation of interrelated factors must be involved in any given 
instance. It seems probable that the pattern of these factors varies with differ- 
ent etiologic types of acute renal insufficiency and at different stages of their 
progression. These authors list 6 factors: renal ischemia during the early 
stages of the syndrome, increased permeability of the tubular wall and back- 
diffusion, outpouring of tubular fluid in toto through holes in disrupted tubules 
at every level of the nephron, vascular and tubular stasis from rising intra- 
renal pressure, peritubular inflammatory reaction, and mechanical stoppage of 
tubules with casts. In a later publication, Oliver? concludes from morphologic 
evidence and also from the clinical functional studies then available that during 
the oligurie phase of acute tubular necrosis, there is persistence of the reduced 
renal blood flow after the initial insult, plus loss of proximal tubular function, 
and that the anatomic counterpart is glomeruli with intact but empty capillary 
tufts, tubulorhexie and nephrotoxie tubular lesions, and inereased intrarenal 
tension. The present studies of renal damage due to mercury poisoning have 
dealt with an experimental lesion in which the toxic agent is given subecutan- 
eously so that it only gradually reaches the kidneys. As shown by Oliver,’ this 
produces predominantly nephrotoxic damage to the proximal convolutions and 
the lesions are not comparable to those lesions in which the factor of patehy 
ischemia is more marked and in which tubulorhexie lesions predominate. -How- 
ever, the insult was severe enough to produce death in about 10 per cent of 
the animals and severe oliguria in the majority. The findings in this experi- 
mental model point to a different balance of factors during the phase of anuria 
or oliguria. Since glomerular perfusion is largely preserved and bears no direct 
relation to the urine flow, a reduction in glomerular perfusion cannot be con- 
sidered the major cause of the oliguria. One cannot directly equate perfusion 
of glomeruli, as demonstrated by staining of the intima by the fluorescent dye, 
with renal blood flow. However, since the kidneys were removed after only a 
few cireulation times, the counts of perfused glomeruli provide an index of 
flow sufficient to exclude severe reduction of blood flow to particular segments 
of the kidney. It seems likely that the functional defect from this particular 
lesion in the rat may be similar to that noted by Richards’ in the frog. By 
direct observation and micropuncture of individual nephrons of frogs poisoned 
with mercuric chloride, he demonstrated, in 1929, that ‘‘. .. fluid is being sep- 
arated from the blood within the Malpighian bodies, not at a slower rate than 


normal, but at a faster rate. ... Its composition is normal, but no drop of urine 


issues from the ureter.’’ We are inclined to agree with his conclusion, reached 
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30 years ago, that ‘‘. . . under these abnormal conditions the osmotic pressure 
of the blood proteins is unobstructed by the normal quantities of tubular epithe- 
lium and is able to draw all or nearly all of the glomerular filtrate back into 
the blood stream.’’ However, it should be emphasized that this conclusion can- 
not be extended by analogy to other experimental circumstances or to clinical 
eases of acute tubular necrosis in man. 

One characteristic of the healing phase of acute tubular necrosis is the 
rapidity with which damaged tubular epithelium regenerates.* Since essentially 
all the blood supplying the tubules first traverses the glomeruli, it seems logical 
to assume that such healing could take place readily during the period of anuria 
and oliguria only if the glomeruli were normally perfused. Under these ex- 
perimental conditions such is apparently the case. 


SUMMARY 

1. The number of active glomeruli perfused after injection of a fluorescent 
dye, thioflavin-S, has been determined in 18 normal rats and 41 rats at varying 
intervals after administration of 10 mg. per kilogram of body weight of mercurie 
chloride. 

2. There was no correlation between counts of actively perfused glomeruli 
and either the urine volume or the interval of time following injection of the 
mercury. There was likewise no correlation between the degree of histologic 
damage to the tubules and the corresponding counts of active glomeruli. The 
degree of oliguria, on the other hand, correlated best with the degree of tubular 
damage. 


3. It is econeluded that in this experimental lesion the maintenance of 


anuria is not dependent upon a critical reduction in glomerular perfusion and 


that diuresis may take place without change in such perfusion. The findings 
suggest that the oliguria is best explained by back-diffusion of glomerular fil- 
trate rather than glomerular ischemia. 


We are indebted to Dr. Robert Coon of the Department of Pathology for critical re 
view of the manuscript and preparations of the photomicrographs and to Mr. John C. Bol 


dosser for preparation of the histologic sections. 
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ERYTHROCYTE GLUCOSE-6-PHOSPHATE DEHYDROGENASE 
ACTIVITY AND METHEMOGLOBIN REDUCTION 
JEAN D. Ross, M.D.,* ano JANE F. Desrorces, M.D.** 
Boston, Mass. 


. ‘HIE in vitro reduction of methemoglobin by erythrocytes in the presence 
of glucose and methylene blue is believed to be dependent on the generation 
of reduced triphosphopyridine nucleotide. t! 


It is the purpose of this paper to 
correlate the erythrocyte glucose-6-phosphate dehydrogenase* with this TPNH 
dependent reduction of methemoglobin by erythrocytes in vitro in cord blood 
and in the blood of patients with diminished erythrocyte G-6-PD activity. 


MATERIALS AND METHODS 


Erythrocytes from 7 patients with known glutathione instability, 40 cord bloods, and 
13 normal adults were studied. 


Blood was collected, using either heparin or 0.5 per cent EDTA in normal saline as 
the anticoagulant. All samples were less than 3 hours old and stored at 8° C. until tested. 
Whole blood was diluted with 0.85 per cent saline to roughly 6 times its volume, ventri 
fuged at 3 


3,000 r.p.m. for 5 minutes, and the supernatant fluid removed. A volume of 0.25 


per cent sodium nitrite equal to the volume of packed cells was added to the erythrocytes, 


and the suspension was gently agitated for one minute or less and diluted to approximately 
40 ml. with 0.85 per cent saline. This was immediately centrifuged for 5 minutes 


at 
3,000 r.p.m., the supernatant fluid removed, and the 


cells washed 6 times with large 
volumes of 0.85 per cent saline. After the last washing, the supernatant fluid was re 


moved and the cells resuspended in an equal volume of phosphate saline (M/15 phosphate 
buffer, pH 7.4, diluted 1:1 with 0.85 per cent saline). A 1 ml. aliquot of the erythrocyte 
suspension was added to 1 ml. of 0.5 per cent glucose in phosphate saline (2.76 mM. of 
glucose per milliliter) plus 0.01 ml. of 0.1 per cent methylene blue in normal saline, and 
the methemoglobin concentration was then 


determined immediately using the method of 
Evelyn and Malloy.2) The mixture was allowed to stand at room temperature with hourly 
aeration by gentle blowing through a pipette, and the methemoglobin concentration re- 
determined at 180 minutes. As previously reported in the normal subjects, the methemoglobin 
reduced was proportional to the initial methemoglobin concentration,. 4 and results were 
expressed, therefore, as per cent of zero hour methemoglobin reduced at 180 minutes. 

Erythroeyte G-6-PD activity was determined as deseribed previously. To washed 


cells, from which the supernatant plasma and buffy coat had been removed, was added an 
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equal volume of distilled water. The resultant hemolyzate was dialyzed overnight against 


2,000 ml. of distilled water at 8° C. and then assayed. The reaction mixture consisted of 
15 uM of the sodium salt of glucose-6-phosphate,* 4 4M of TPN,* and hemolyzate in a 
final dilutation of 0.05 or 0.1 Gm. This was maintained at pH 7.4 with 0.032 M 
buffer in a final volume of 3 ml. 


tris 
The change in optical density at 340 lambda was ob- 
served with the Beckman UV spectrophotometer using a hydrogen lamp source and 1 em, 
silica cells. Observations were made for 40 to 50 minutes, and 5-minute increments were 
averaged. Results were expressed as delta optical density (O.D.) per 5 minutes for 0.1 
Gm. per cent hemoglobin, 


RESULTS 


Cord blood erythrocytes from 19 Negro infants, 16 white infants, and 5 
in whom the racial identity was unavailable were tested. The erythrocytes of 


5 of the 19 Negro infants were deficient in G-6-PD activity with values below 
the normal range of 0.040 to 0.096 delta O.D. per 5 minutes.* Three of the 
mothers of these 5 infants were tested and were also found to have low 
erythrocyte G-6-PD values, presumably demonstrating that this enzymatic 
defect was hereditary rather than transient. None of the 16 white infants 
tested were deficient in G-6-PD, while one was deficient among the 5 of 
unidentified race. The mean erythrocyte G-6-PD activity of the Negro infants 
was 0.070 delta O.D. while that of the white infants was 0.111. Erythrocyte 
G-6-PD activity of 5 Negro and 7 white infants was above the upper limits for 
normal adults. 

Methemoglobin reduction by erythrocytes of 13 normal adults was over 
70 per cent in 24 determinations, All were Caucasian with previously demon- 
strated normal erythrocyte G-6-PD. 

Reduction of methemoglobin by cord blood erythrocytes in the presence 
of glucose and methylene blue was deficient in 12 of the 40 infants tested. 
Nine of these infants were Negro. The deficiency was severe in 8 infants in 
whom less than 60 per cent of the zero hour methemoglobin was reduced after 
180 minutes’ incubation. Five of these latter infants were Negroes with low 
erythrocyte G-6-PD values (Fig. 1), while 3 had normal or increased activity 
of this enzyme. Only one infant of the series exhibited a low G-6-PD activity 
associated with normal ability to reduce methemoglobin in the presence of 
glucose and methylene blue. Conversely, in 7 of 9 samples in which the 
G-6-PD value was below 0.050 delta O.D. per 5 minutes, methemoglobin re- 
duction was also diminished (Fig. 1). Above that value, methemoglobin 
reduction was normal in 26 of 31 samples. There were 2 infants with markedly 
deficient reduction of methemoglobin but normal or high G-6-PD values. 

Seven Negro children and adults with known glutathione instability were 
also tested. The erythrocyte G-6-PD values were low in all, and in all but 
one (R. L.) there was markedly deficient reduction of methemoglobin in the 
presence of glucose and methylene blue (Table I and Fig. 2). The erythro- 
cyte G-6-PD level of this seventh case was very low, but reduction of 
methemoglobin was complete at 180 minutes. Repeated studies of several of 


*Obtained from the Sigma Chemical Company, St. Louis, Mo. 
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the other subjects were consistently low with the exception of Patient D. A., 
whose methemoglobin reduction was deficient on only 2 of 3 occasions 


(Table I) 


PaBLe I. METHEMOGLOBIN REDUCTION IN VITRO IN THE PRESENCE OF GLUCOSE AND 
METHYLENE BLUE BY ERYTHROCYTES OF 7 GLUTATHIONE UNSTABLE SUBJECTS 
COMPARED WITH THE ERYTHROCYTE G-6-PD VALUES 
METHEMO 
GLOBIN AT METHEMOGLOBIN REDUCED AT G-6-PD 
ZERO HOUR 180 MIN. DELTA 0.D. PER 
*ATIENT DATE (GM. & aM./10 GM." % oF 0 HOUR 5 MINUTES 
. Dae 12/ 2/57 0. 1 11.7 
D. A. 1/14/58 5! 4 80.0 
D. A. 11l/ 2/58 A 10.0 0.003 
L. 8. 2/ 3/58 5. 47.0 0.031 
2.8 2/ 3/58 8.2 63.0 0.025 
25.0 0.015 


. 2 ‘ 58 &.0 


Be 1/10/58 
. Ba 2/11/58 


18.2 0.026 


5.2 

, M. i/ 2/58 9.2 1: 14.1 0.004 
1.5 
4.4 100.0 0.001 


8.3 
4.4 
*(jrams of methemoglobin per 10 grams total hemoglobin. 


DISCUSSION 


The in vitro reduction of methemoglobin by erythrocytes in the presence 
of glucose and methylene blue is believed to be dependent on the generation of 
TPNH. In erythroeyte glycolysis there are only two reactions producing 
TPNH, both steps in the hexose monophosphate shunt.* The first of these is the 
veneration of TPNH upon the oxidation of glucose-6-phosphate to 6-phospho- 
gluconate in the presence of G-6-PD: 

G-6-PD 
Glucose-6-Phosphate + TPN 6-Phosphogluconate + TPNH (1) 
The second reaction, dependent on the normal functioning of the first, generates 
TPNIL upon the oxidation of 6-phosphogluconate in the presence of 6-phospho- 
vluconic dehydrogenase (6-PGD) : 
6-PGD 
6-Phosphogluconate + TPN —— Ribose-5-Phosphate + TPNH (2) 

It is now well recognized that there is an inherited inborn error of erythro- 
cyte metabolism resulting in a deficiency of TPNH generation in the presence 
of glucose-6-phosphate and presumably due to decreased G-6-PD.*°* That 
such individuals have decreased ability to reduce methemoglobin in the presence 
of glucose and methylene blue has been suggested previously* and our present 
studies confirm that this is usually the ease. Thus, the generation of TPNH 
enzymatically by G-6-PD may be a rate-limiting step in the reduction of 
methemoglobin in the presence of glucose and methylene blue. An oceasional 
individual with severe deficiency of G-6-PD, however, can apparently reduce 
normal amounts of methemoglobin despite deficient TPNH generation. This 
finding is unexplained, but it is unlikely that it is due to variations in technique, 
since repeated enzyme assays of the individuals involved yielded similar results. 

In cord blood, a similar situation prevails. In blood samples in which the 
values for G-6-PD were diminished or low normal, there was an associated 
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Fig. 1.—Cord blood erythrocyte G-6-PD activity plotted against ability of erythrocytes 
to reduce methemoglobin in vitro in the presence of glucose and methylene blue. The hori- 
zontal line represents the lower limit of normal for reduction of methemoglobin while the two 
vertical lines represent the lower and upper limits of the normal adult range for G-6-PD ac- 
tivity. 
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Fig. 2 Erythrocyte G-6-PD activity of 7 subjects with known glutathione instability 
plotted against the ability of the erythrocytes to reduce methemoglobin in vitro in the presence 
of glucose and methylene blue. The horizontal line represents the lower limit of normal for 
reduction of methemoglobin while the vertical line represents the lower limit of normal for 
G-6-PD activity. 
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deficiency of the methemoglobin reduction system. In samples in which the 
range of activity was higher, methemoglobin reduction was usually normal. In 
a smaller series previously reported, deficient methemoglobin reduction was 
less frequent and was thought to be related to decreased G-6-PD,* but it is 
evident that diminished methemoglobin reduction may occasionally oceur in 
the presence of adequate TPNH generation. Infrequently, adequate methe- 
moglobin reduction in the presence of deereased G-6-PD was also noted. 

It has been demonstrated by Lonn and Motulsky® that the enzyme isolated 
by Huennekens, methemoglobin reductase,'” ' is deficient in cord blood. It is 
evident that either TPNH generation or other enzymatie steps in the redue- 
tion of methemoglobin may be deficient in cord blood. A defeet of any or all 
of the steps may then limit the amount of methemoglobin reduced. Such de- 
fects may be transient and related to immaturity of enzyme systems or 
permanent and determined by heredity. In the blood of older subjects with- 
out deficiency in methemoglobin reductase the generation of TPNH may 
determine the rate of methemoglobin reduction, and our findings in the blood 
of patients with G-6-PD deficiency are consistent with this postulate. 


SUMMARY 


A correlative study was made of the ability of cord blood and of G-6-PD 
deficient erythrocytes to generate TPNH and to reduce methemoglobin in 
vitro in the presence of glucose and methylene blue. Deficient methemoglobin 
reduction was found to be associated frequently with decreased G-6-PD 
activity in cord blood and in the blood of patients with congenital G-6-PD 
deficiency. In cord bloods with G-6-PD activity greater than 0.050 delta O.D. 


per 5 minutes, methemoglobin reduction was usually within normal limits, 


although deficient reduction occasionally occurred in the presence of normal 
TPNH generation. Thus, it would appear that generation of TPNH may be a 
rate-limiting step for the reduction of methemoglobin in a glucose and 
methylene blue system. Since in both cord blood samples and samples from 
patients with G-6-PD deficient red cells there was an oceasional lack of eor- 
relation between these two activities, it is evident that other factors may play 
a part in determining the rate of methemoglobin reduction. 


We wish to acknowledge the technical assistance of Miss Alice C. Manchester, B.S., 
Miss Reda Lendraitis, and Miss Marianne Glynn. We are also grateful to the nursing and 
resident staff of the Department of Obstetrics of the Boston City Hospital for their coopera- 
tion In collecting the cord blood specimens, 
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ACONITASE IN HUMAN BLOOD 


ERNEST BEUTLER, M.D., AND Mary K. Y. Yeu, B.A. 
Curcago, ILL. 


LOOD is the tissue that may be ‘‘biopsied’’ most readily for the clinical 
determination of the activity of enzymes in living cells. 


In the course of studies of iron enzymes in patients with iron deficiency, 
we thought it desirable to obtain measurements of the enzyme aconitase, which 
catalyzes the equilibrium between citric, isocitric, and aconitie acids.’ It is the 
purpose of this communication to describe a method for the semiquantitative 
determination of the activity of this enzyme in human blood cells and to present 
the results of assays carried out on normal subjects and those with a variety 
of clinical disorders. 


METHODS 
A. Preparation of Enzyme Solution.— 


1. White cell-platelet layer: Twenty to 40 ml. of blood was obtained by veni- 


puncture. Heparin was used as the anticoagulant. One-fifth volume of a solution of poly- 
vinylpyrrolidonet was mixed with the blood in a test tube, and the red cells were allowed 
to settle for 1 hour at 37° C. in the tube positioned at a 45-degree angle. The supernatant 
plasma layer was then pipetted off, its volume was measured, and a white count and chamber 
differential count were performed, 

The white cell-rich layer was centrifuged at 100 g for 10 minutes. The supernatant 
was discarded, and a few milliliters of phosphate-acetate buffer} were added. The white 
cells were stirred into as even a suspension as possible, and the suspension was recentri 
fuged at 90 g. Clumps of the sedimented white cells were broken up in a Potter-Elvejhem 
type tissue homogenizer, and the homogenized white-cell suspension was brought to a total 
volume of 7.5 ml. with buffer. This procedure does not release appreciable amounts of en- 
zyme from the cells; the white cells were disrupted by freezing and thawing twice, alterna- 
tively immersing them in a Dry Ice aleohol bath and a 37° C, water bath. Additional freez- 
ings and thawings did not increase enzymatic activity. 


2. Platelet layer: A platelet-containing layer with relatively few white cells was 
prepared by subjecting a white cell-platelet suspension to slow centrifugation (approximately 


20 g) for 3 minutes. A white cell count and direct platelet count was carried out on the 


supernatant fluid, and an enzyme solution was prepared from the fluid as in paragraph 1 
above, except that it was brought to a volume of only 4.0 or 4.5 ml. 


Red cell layer: After removal of the white cell-platelet layer, the PVP sedi- 
mented red cells were washed in 0.9 per cent NaCl solution and packed by centrifugation. 
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Any remaining buffy coat was removed. 


A white cell count was performed. The enzyme 
solution was prepared by freezing and thawing two times in a Dry Ice alcohol bath, 


4, Plasma: Heparinized plasma from which all cellular elements had been removed 
by centrifugation was used without further treatment. 


B. Preparation of Substrate. 


—Cis-aconitic anhydride was obtained from the Sigma 
Chemical Company. 


A weighed portion of cis-aconitic anhydride was dissolved in a small 
quantity of water and allowed to remain in aqueous solution at room temperature for 1 hour. 
At the end of this time, 0.1 ml. of 2 N NaOH was added per 16.6 mg. of cis-aconitic acid 
and sufficient phosphate acetate buffer was added to give a final concentration of 7.8 mg. 
anhydride per milliliter. The substrate solution must be prepared on the day of assay. 
C. Assay of Aconitase Activity.—Each enzyme solution, except the one from platelets, 
Was assayed at 2 and 4 ml, levels, 


The platelet-enzyme solution was assayed only at the 4 
ml, level. 


The enzyme solution was brought to a total volume of 4.5 ml. by the addition of 
phosphate-acetate buffer. The reaction was started by the addition of the substrate (aconi- 
tate) and was stopped after 15 minutes’ incubation at 37° C. by adding 2 


2 mi. of 50 per cent 
trichloroacetic acid (TCA). The reaction tube was centrifuged, and 5 ml. of the supernatant 
solution was pipetted into a tube graduated at 10 and 25 ml. for citrate analysis, The citrate 
is stable in TCA solution and may be determined at a later time. Citrate determinations 
carried out on blanks with substrate without blood cells and on blanks with blood cells but 


without substrate with and without incubation were consistently found to be negative in 


preliminary studies and were not carried out in the assays reported here, except in the case 
of studies with plasma, where plasma citrate blanks were determined. 

D. Citrate Determination.—Determinations of citrate were carried out by a minor 
modification of a method described in detail elsewhere.2 Five-tenths milliliter of 50 per cent 
(v/v) H.SO,, 0.2 ml. 1 M KBr, and 1 ml. saturated KMnO, solution were added to the TCA 


filtrate. After standing at room temperature for 5 to 20 minutes, the tubes were placed in 
an ice bath and the excess permanganate was removed by the dropwise addition of 1 per cent 


H.O,. The volume was brought to the 10 ml. mark with H,O and to the 25 ml. mark with 


acid-washed n-heptane. After shaking for 5 minutes, 10 ml. of the heptane layer was added 


to 10 ml. of a reagent composed of 4 per cent thiourea and 2 per cent Na borate in a Cole 


man junior 25 mm. cuvette. After shaking for 5 minutes, the mixture was centrifuged lightly 


and read at 445 and 650 my against a reagent blank. The reading at 650 my was subtracted 
from the reading at 445 mg, and the citric acid concentration was read from a curve con 
structed from 50, 100, and 200 yg citrie acid standards, 

Ek. Calculation of Results.—The ecitrie acid content of the 5 ml. TCA filtrate is multi- 
plied by 1.4 to give the citric acid formed in the 5 ml. reaction mixture. We have defined 
one unit of activity as that amount of enzyme that will convert 0.85 x 10-7 moles of aconitate 
to citrate per minute in the 5 ml. assay system. Thus, 1 unit of enzyme will result in the 
appearance of 245 wg (12.75 x 10-7 M) of citrate in the reaction mixture. 


Using rat kidney 
(for which we originally developed 


this assay system) as source of enzyme, the amount of 
citrate formed was found to have an approximately linear relationship to the volume of 
enzyme solution added over a range of 0.15 to 2.0 units of enzyme. An approximately linear 
relationship between volume of enzyme solution and activity has been observed also in the 
blood cell preparations studied. 


Enzyme activity in red cells has been corrected for entrapped white cells and is ex 
pressed as units per milliliter of red cells. This value closely approximates units per 1010 
red blood cells. White cell-platelet layer activity has been expressed as units per 101° white 
cells because most of the activity found was in the leukocytes. Platelet activity was esti 
mated after correcting for the activity in the remaining white cells. Because red cell activity 
was so low and because the method used causes red cell lysis, no correction for red cell 


activity was necessary. 





BEUTLER AND YEH J. Lab. & Clin. Med. 
RESULTS 

A. Plasma Activity—No appreciable enzyme activity could be found in 
the plasma of 6 normal subjects, in the plasma of one subject with active cir- 
rhosis of the liver, or in the plasma of one subject with acute viral hepatitis and 
one subject with acute myocardial infarction. 

B. Red Blood Cell Activity.—The red blood cells of 5 normal subjects were 
caleulated to contain 0.025, 0.029, 0.031, 0.038, and 0.038 unit of activity per 
milliliter. Red cells of the sixth subject were estimated to contain no activity 
after correction for entrapped white cell activity had been made. Estimations 
of red cell aconitase were also carried out on one subject with a reticulocyte 
count elevated to 30 per cent during treatment of an iron deficiency anemia. 
The activity of the red cells of this patient was 0.81 unit per milliliter. 

(. Leukocyte-Platelet Activity—The results of aconitase assay of the white 
cell-platelet layer of 6 normal individuals and 11 patients with a variety of 
clinical disorders are given in Table I. It is apparent that the activity per 10'° 
white blood cells is relatively constant in normal subjects. It is not technically 
feasible to study separately the activity of granulocytes and lymphocytes, but 
the data do not appear to disclose an appreciable correlation between the dif- 
ferential formula and enzyme activity; in the normal group, the samples with 
the lowest and the highest aconitase activity had almost the same percentage of 
mononuclear cells. It seeems likely, therefore, that there is not very great dif- 
ference between the aconitase activity of these two types of cells. Unusually 
low values of aconitase were found in one patient with acute leukemia and in 
one with multiple myeloma. The white cell aconitase activity of two patients 
with iron deficiency anemia was normal. 

D. Platelet Activity—tThe results of determinations of platelet activity 
varied widely, probably because of inaccuracies in the enumeration of platelets 
and because platelet preparations were contaminated invariably with leukocytes. 
The activity per 10'° platelets of 5 hematologically normal subjects was caleu- 
lated to be 0.4, 0.8, 1.1, 2.7, and 5.2 units respectively. A subject with a lym- 
phoma had a platelet activity of 1.3 units per 10'° platelets, and two patients 
with polyeythemia rubra vera had platelet activities of 0.42 and 2.73 units per 
10'° platelets. 

DISCUSSION 

To our knowledge, there are no published reports of the aconitase activity 
of human blood. In point of fact, the only reported studies of which we are 
are aware of aconitase activity in blood cells of any species are assays carried 
out on rabbit reticulocytes by Rubinstein and associates.* These workers found 
enzyme activity to be present. However, no white cell assays were made, and 
no correction was made for entrapped white cells. 

Our investigation demonstrates that the activity of the enzyme aconitase 
in human blood cells can be measured. Because of the well-known difficulty in 
preparing highly purified suspensions of a single blood cell type, the results 


of these studies should not be considered to be more than semiquantitative 


estimates. Nonetheless, remarkably uniform results are obtained in normal 
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subjects. Variations in the diseases studied, with the possible exception of 
myeloma and acute lymphocytic leukemia, are unimpressive. Activity was 
found to be very low in red cells when compared with white cells and platelets— 
a finding consistent with the virtual absence of the citrie acid cycle in mature 
erythrocytes.’ 


TABLE I. Wire CELL-PLATELET LAYER ACONITASE ACTIVITY 


PERIPHERAL ACONITASI 
CHAMBER DIFFERENTIAL BLOOD ACTIVITY 
MONONUCLEAR PLATELETS (UNITS PER 
DIAGNOSIS SEX PML* LEU KOCYTES LEUKOCYTES 1010 W.B.c,) 
202,400 


Normal ] 52 18 10,450 104 


Normal 
Normal 
Normal 
Normal 
Normal 


‘ . 76,000 
Chronie leg ulcer 176, 


- 


8,450 


er , 157,300 
Infectious mononucleosis vr 
6,000 
H — : 166,100 
ypopituitarism - 
Ypo} 10,950 


1 : 200,200 
lron deficiency anemia = 
: 7,000 


Iron deficiency anemia 


800,000 
Polyeythemia rubra vera 23,500 
Chronic lymphatic leuke : - 53,000 

mia . , A 103,706 


Chronie myelogenous / 152,400 
leukemia . 89,000 


Acute lymphocytic leuke- ‘ 117,700 
mia . = 226,000 


Acute monocytic leake- E 66,000 


mia Jo 26,000 


66,000 

Plasma cell myeloma M = 
3,400 
*Polymorphonuclear leukocytes. 


SUMMARY 


A technique for measuring the activity of the enzyme aconitase in human 


blood has been described. Normal plasma was found to be devoid of enzymatic 


activity, and only small amounts of activity were observed in red blood cells 
from normal individuals. A patient with marked reticulocytosis had much 
higher red cell aconitase levels. The bulk of activity was present in white cells 
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. 


and platelets. Estimates of activity must be considered semiquantitative be- 
cause of the difficulty in obtaining pure cell suspensions. The following average 


normal values are given, however, as a rough guide: erythrocytes, 0.026 unit 
per milliliter; leukocytes (not corrected for platelet contamination), 98 units 
10'° cells; and platelets (corrected for leukocyte contamination), 2.0 units 10° 
platelets. 
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LABORATORY METHODS 


THE DETERMINATION OF SULFISOXAZOLE AND SULFADIME- 
THOXINE IN BLOOD AND PLASMA 


Haro ip L. ROSENTHAL, PH.D.,* ANpD Lots Jup, M.T. (A.S.C.P.) 
ROCHESTER, N. Y. 


WO new sulfonamides (2,4-dimethoxy-6-sulfanilamido-1,3-diazine |sulfa- 

dimethoxine| and  3,4-dimethyl-5-sulfanilamidoisoxazole — [sulfisoxazole | ) + 
have recently been developed as bacteriostatic agents. In contrast to sulfisox- 
azole, which is rapidly exereted in urine,’ blood levels of sulfadimethoxine 
may be maintained for 24 hours following a single oral dose. 

During the course of a series of clinical trials designed to establish a re- 
lationship between whole blood and serum levels with clinical effectiveness, it 
became apparent that sulfadimethoxine and sulfisoxazole were markedly bound 
to blood and serum proteins precipitated with trichloroacetic acid. The de- 
gree of binding, considerably higher than other commonly used sulfonamides, 
suggested the need for correction factors to compensate for the drug ad- 
sorbed to the precipitate. The results of this study form the basis for this 
report. 

MATERIALS AND METHODS 

A. Procedure.—The concentration of various sulfonamides in trichloroacetic acid extracts 
of blood and serum was determined by the procedure of Bratton and Marshall.2 The follow 
ing sulfonamides were used: 

A. Sulfanilamide (Merck). 

B. Sulfanilamide (Eastman Kodak). 

C. Sulfadiazine (Sharp & Dohme). 

D. p-Aminobenzoie acid (General Biochemicals). 
E. Sulfathiazole (Merck 

F. Sulfapyridine (Dagenan). 

G. Sulfisoxazole (Hoffmann-La Roche). 

H. Sulfadimethoxine (Hoffmann-La Roche). 


B. In Vitro Studies. 


1. Rate of adsorption: The various drugs, added to whole blood and serum, were ex 


tracted with trichloroacetic acid at a final blood or serum dilution of 1:20. With the ex 


ception of p-aminobenzoie acid which was added at a level of 8 mg. per 100 ml. of blood or 


From the Pathology Department, Rochester General Hospital, Rochester, N. Y 

Received for publication Jan. 8, 1959 

*Work performed during tenure at the Rochester General Hospital Present address: 
Department of Biochemistry, Washington University School of Dentistry, St. Louis, Mo. 

+Sulfadimethoxine is commercially available as Madribon and sulfisoxazole as Gantrisin, 
Hoffmann-La Roche, Inc., Nutley, N 


461 





462 ROSENTHAL AND JUD J. Lab. & Clin. Med 


September, 1959 


serum, all other drugs were present at a level of 12 mg. per 100 ml. The mixtures were 
refrigerated at 4° C, and mixed 2 or 3 times daily during a 2-week period. At intervals, 
a portion of the mixtures were filtered and the concentration of drug in the filtrate was de 
termined. The difference between the amount found in the filtrate and the amount originally 
added represents the amount adsorbed to the denatured proteins. Identical solutions, in the 
absence of blood proteins, were carried through the procedure and were found to be perfectly 
stable. 


2. Effect of protein concentration on adsorption: Hemoglobin solutions were prepared 


from human erythrocytes washed 3 times with saline. The washed cells were hemolyzed with 
an equal quantity of distilled water and a portion of the hemolyzate was centrifuged to 
remove red cell ghosts and stromal elements, The other portion was used without further 
treatment. Varying amounts of the hemoglobin solutions were added to flasks containing 
sulfadimethoxine at a final concentration of 6 mg. per liter. Following the addition of 
trichloroacetic acid, the mixtures were filtered after either 10 minutes or 7 days’ refrigeration 
and the filtrates were analyzed for residual sulfonamide. Human serum, filtered after 10 


minutes, replaced the hemoglobin solutions for comparative purposes. 


3. Type of adsorption: The adsorption of sulfadimethoxine to hemoglobin precipitated 
by trichloroacetic acid was further studied by adding graded amounts of the drug to flasks 
containing hemoglobin solutions at a final protein concentration of 6.5 Gm. per liter. Follow- 
ing the addition of trichloroacetic acid, the mixtures were filtered after 10 minutes or re 


frigeration for 7 days and the filtrates were analyzed for residual sulfonamide. 


4. Determination of correction factors: Recovery studies were performed by adding 
appropriate amounts of various sulfonamides to whole blood and serum followed by extraction 
with trichloroacetic acid. The final dilution of blood and serum was 1:20 and filtration was 
performed after 10 minutes. The concentration of sulfonamide in tne filtrates was determined 
using the appropriate sulfonamide as the standard. The blood and serum were obtained, for 
the most part, from the routine laboratory. Blood and serum from healthy individuals were 
used in some instances. In general, the hematocrits ranged between 33 to 49 per cent. 

In Vivo Studies. 

1. Blood levels of sulfadimethoxine: Single oral doses were given to children with 
various infectious diseases. The children ranged in age from 1 to 12 years, and the drug was 
administered at a level of 30 mg. per kilogram of body weight. At suitable intervals, blood 
samples were obtained and the concentration in blood and plasma, corrected for adsorption 
to the precipitate and for the hematocrit, was used to determine the concentration and dis 
tribution of the drug. 

2. Blood levels of sulfisorazole: Blood samples from adult patients with various infec 
tious diseases receiving oral sulfisoxazole at various therapeutic and prophylactic dosages were 
analyzed for free sulfonamide. The concentration and distribution of drug in whole blood 


and plasma were corrected for adsorption to the precipitate and for the hematocrit. 
RESULTS AND DISCUSSION 

In whole blood, the drugs are initially bound to denatured protein in 
varying degrees when the mixtures were allowed to stand for 10 minutes be- 
fore they were filtered (Fig. 1). Thus, sulfanilamide (A) is not bound to any 
significant degree while 20 per cent of sulfisoxazole (G) and 22 per cent of sulfa- 
dimethoxine (H) are bound to the denatured protein. The adsorption process 
continues, however, and finally reaches an equilibrium value. When equilibrium 
is reached, as much as 40 to 50 per cent of sulfisoxazole and sulfadimethoxine 


may be removed from solution as compared to 25 per cent adsorption for sulfa- 
pyridine (F). 
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Sulfonamides A to F are bound to a lesser extent to denatured serum pro- 


teins, but 15 to 20 per cent of sulfisoxazole or sulfadimethoxine may be bound. 
It is interesting to note that in serum these two sulfonamides do not reach 
equilibrium for 2 to 4 days while the other sulfonamides reach adsorption 
equilibrium almost immediately. 
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Fig. 1 The filtrate concentration of various sulfonamides in the presence of trichloro- 
acetic acid precipitates of whole blood and serum as a function of time. The letiers represent 
the various drugs used (see text under Materials and Methods). 
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Fig. 2.—The filtrate concentration of sulfadimethoxine in the presence of hemoglobin and 
serum proteins precipitated with trichloroacetic acid Key \ serum filtered after 10 


minutes; B hemoglobin filtered after 10 minutes; C hemoglobin filtered after 7 days’ 
refrigeration. 








With inereasing hemoglobin concentration, two curves with different 
slopes became apparent, thus indicating the presence of two sites for adsorp- 
tion (Fig. 2). Although the amount of drug adsorbed on the denatured pro- 
tein increases with time, the same binding sites are present for solutions filtered 
after 10 minutes (Curve B), or filtered at conditions of equilibrium after 7 
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days (Curve C). Similar curves were obtained with centrifuged stroma-free 
hemolyzates, thus indicating that stromal elements and erythrocyte ghosts ad- 
sorb little, if any, of the drug. In serum, the drug concentration decreased in 
a regular fashion with increasing serum protein concentration (Curve A), thus 
indicating the presence of one weak binding site. The relationship between 
the amount of sulfadimethoxine adsorbed per unit of hemoglobin is adequately 
described by a Freundlich adsorption isotherm under the experimental condi- 
tions used, thus indicating an equilibrium process (Fig. 3). 

As shown in Table I, the recovery of more commonly used sulfonamides, 
including p-aminobenzoie acid, ranges between 87.5 to 92.9 per cent. In con- 
trast to these values, sulfisoxazole and sulfadimethoxine are recovered to only 
73.2 and 74.5 per cent, respectively. 


TABLE I. CORRECTION FACTORS FOR VARIOUS SULFONAMIDES ADDED TO WHOLE BLoop 
AND SERUM 


WHOLE BLOOD SERUM 
PER CENT CORRECTION PER CENT CORRECTION 
DRUG RECOVERY FACTOR RECOVERY FACTOR 
Sulfisoxazole (Hoffmann-La Roche ) 73.2 +3.70* 1.40+0.08* 85.3+1.44* 1.17 +0.02* 
Sulfadimethoxine (Hoffmann-La Roche) 74.3 + 4. 37 + 0.09 87.5 + 1.39 14+ 0.02 
Sulfanilamide (Merck) 91.7 + .09 + 0.02 96. 0.39 04+ 0.01 
Sulfanilamide (Eastman Kodak 92.9 


.O8 + 0.05 96, 1.90 04+ 0.02 
Sulfathiazole (Merck 87.5 


.15 + 0.04 92.5 + 3.38 .O8 + 0.04 

+ 0.01 

Sulfadiazine (Sharp & Dohme 91.3 10+ 0.02 93. 2.46 .O7 + 0.03 

p-Aminobenzoie acid (General Biochemi- 89.1 + 2.3$ 12+ 0.03 93. 0.88 .O7 + 0.01 
cals 


+ 
+ 

Sulfapyridine (Dagenan) 90.0 + 2. 1140.03 95.0 + 0.57 05 
+ 


\ll drugs were added to blood and serum equivalent to 12 mg. per cent; p-aminobenzoic 
wid was equivalent to 8 mg. per cent 


\ll values represent average values obtained for 3 to 5 different samples of blood or 
serum 


*Standard deviation 


The above data indicate that analysis of sulfadimethoxine and sulfisoxa- 
zole in blood and serum requires the application of correction factors to cor- 
rect for the adsorption of these drugs to blood proteins. Sinee the adsorption 
of these drugs is primarily to hemoglobin (Figs. 2 and 3), the values obtained 
will vary with the hemoglobin concentration and the correction factors ean 
only be considered as approximations. On the other hand, the adsorption of 
these drugs is considerably less for serum proteins than for hemoglobin, and 
the correction factors will not vary as much with the changes in protein con- 
centration encountered in pathologie conditions. 

Following a single oral dose of sulfadimethoxine, blood and serum levels 
reach and maintain a maximum concentration between 6 and 24 hours (Fig. 4). 
Thereafter, the concentration decreases slowly. After 72 hours following the 
single dose, the plasma still contains 5 mg. per 100 ml. During the entire 
3-day experimental period, serum was found to contain between 80 and 90 
per cent of the total blood concentration. In 5 adult patients receiving oral 
sulfisoxazole, the serum contained 85 per cent of the total blood concentration 
at high or low blood levels (Table Il). It would appear, therefore, that the 
use of serum is preferable to whole blood for the estimation of blood levels of 
these two sulfonamides. 
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The application of the Bratton-Marshall procedure for the estimation of 
sulfonamides requires a correction factor for the quantity of drug which is 
bound to proteins denatured by trichloroacetic acid. For clinical purposes, 
adsorption of less than 10 per cent has usually been ignored. Thus, Fister* 
gives nv correction factors for 7 sulfonamides in clinical use but lists those 
which may be performed in whole blood and those in which serum or plasma 
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Fig. 3.—The relationship between concentration of sulfadimethoxine and the amount 
bound to trichloroacetic acid-precipitated hemoglobin. The lines were fitted by the method 
of least squares. Key: open circles (O) = hemoglobin filtered after 7 days’ refrigeration; 
closed circles (@) = hemoglobin filtered after 10 minutes. 
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Fig. 4.—The blood and serum concentrations and distribution following a single oral 
dose of sulfadimethoxine. A, The per cent of the total blood concentration present in serum 
versus time. The vertical lines represent + 1 standard deviation and the numbers in parentheses 
represent the number of samples. B, The concentration of sulfadimethoxine in whole blood and 
serum. The total bar represents whole blood, and the solid portion of the bar represents 
serum concentration. 
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is preferred. Hepler* prefers serum for all sulfonamide determinations, while 
Hawk and associates® use whole blood for these determinations. These authors 
completely disregard the fact that most sulfonamides, with the exception of 
sulfanilamide, sulfacetimide, and sulfaguanidine, are predominantly present 


in the plasma. Although Hepler does not give correction factors, Hawk and 
associates suggest that correction factors are not necessary for low concen- 
trations (5 mg. per cent) of sulfanilamide, sulfaguanidine, sulfapyridine, or 
sulfathiazole, but apply a correction for sulfapyridine when present in amounts 
greater than 5 mg. per cent. On the other hand, Seudi and Robinson® perform 
the analyses in dilutions of 1:50 rather than 1:20 in order to avoid correction 
for adsorption. The larger dilutions decrease the sensitivity of the procedure 
to some extent. The more concentrated solutions from 1:20 dilutions are more 
applicable to modification of the Bratton-Marshall procedure for microanaly- 
sis; thus, under these conditions, correction factors should be applied in order 
to obtain correct sulfonamide determinations. 


TABLE II. DISTRIBUTION OF SULFISOXAZOLE IN BLOOD AND PLASMA FOLLOWING ORAL 
ADMINISTRATION 


WHOLE BLOOD SERUM 
SAMPLE T MG./100 ML.) (MG./100 ML.) PER CENT IN SERUM 

18.5 +248 83.0 

1.83 2.69 85.3 

4.94 7.90 91.2 

8.17 12.61 89.6 

2.40 2.92 74.1 

Average 84.6 


SUMMARY 


The sulfonamides, sulfadimethoxine and sulfisoxazole, are predominantly 
present in serum, suggesting that serum is to be preferred over whole blood 
for analytie purposes. Both drugs are adsorbed to precipitated blood proteins, 
but the adsorption to acid-preeipitated serum proteins is much less than the 
adsorption to denatured hemoglobin. The adsorption of these drugs to serum 
proteins requires the application of correction factors in order to obtain aceu- 
rate, clinically useful determinations. 


We are grateful to Dr. Edward F. Townsend for supplying many samples of blood 
from his patients and to Dr. L. R. Hines, Jr., Hoffmann-La Roche, Ine., for supplies and 
financial assistance. 
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A TECHNIQUE FOR DETERMINING WHOLE BLOOD CLOTTING 
TIMES IN PLASTIC TUBES 
THeEoporE H. Spaet, M.D., Jose CintRON, AND Mona KropatKIn, B.S. 
New York, N. Y. 


ANY methods have been used to evaluate the over-all coagulability of the 

blood. Of these perhaps the most extensively studied is some variant of 
the whole blood clotting time in either glass or non-wetting containers. Tests of 
this type have proved most useful in detecting gross clotting deficiencies in- 
volving extreme depression of certain coagulation components, or the presence 
of anticoagulants. However, this group of tests is subject to serious limitations 
primarily based on the consideration that they fail to reflect the corresponding 
coagulability of the blood in vivo. Even when extreme precautions are taken 
to prevent contamination with tissue coagulants, the clotting time of human 
blood in glass is typically between 8 and 20 minutes. Although the use of 
siliconized glassware has been reported to give clotting times up to 2 hours,’ 
more often values between 18 and 35 minutes are obtained.*: This rapid 
clotting of blood in vitro is in sharp contrast to the long coagulation time of 
blood in a doubly ligated vein segment, in which the blood may remain fluid 


for several hours or more. Evidently the manipulation of the blood required 
in the in vitro tests elicits an extreme degree of clotting activation which may 


result in overwhelming a minor deficiency on one hand, and masking increased 
coagulability on the other. Factors which may be responsible for this activation 
inelude the trauma incident to transferring blood from one container to an- 
other, the presence of an air-blood interface,’ exposure to a wetting or absorbing 
surface, and agitation of blood necessary for determining clotting end points. 
The present technique was developed in an attempt to provide an in vitro 
method minimizing these factors and eliminate some variables not encountered 
in in vivo conditions. The principle of the method consists in determining 
clotting of blood held in plastie tubes. 


METHODS AND MATERIALS 


In studies on human subjects blood specimens were collected in regular blood donor 
sets.* These sets consist of plastic tubing 90 em. in length and 3 mm, in inside diameter, 
with 15 gauge silicone-coated needles at each end. The subjects were hospital personnel of 
both sexes between the ages of 19 and 60 years in wiom there was no evidence of disease. 
The test was performed as follows. The needle of the donor set designed for insertion into 

From the Department of Hematology, Laboratory Division, Montefiore Hospital, New 
York, N. Y. 
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the blood bottle was cut off. The donor needle was inserted into a suitable vein (usually 
the antecubital) by clean venepuncture. Unsatisfactory results were invariably obtained if 
there was difficulty in entering the vein, or if blood flow was intermittent or in a slow drop- 
wise fashion. The tube was allowed to fill by pressure flow, about 5 ml. of blood was 
allowed to run out, and the tube then was clamped quickly at both ends with hemostats. The 
needle was withdrawn and cut off, and the tubing was laid flat and kept at room temperature 
20° to 22° C. At 10 minute intervals, aliquots of blood were inspected for the presence 
of clotting by snipping off segments of the tubing. This was accomplished by applying a 
third hemostat about 1 cm. from either end hemostat, and cutting with scissors so that the 
tubing remained doubly clamped, but a small segment had been removed. This segment was 
opened by removing the hemostat and rinsed to and fro in a Petri dish of isotonic saline 
placed on a white background. The end point was taken as the time when tiny strands of 
fibrin were visible either floating free in the saline or adhering to the tubing. If there was 
doubt, an additional segment of tubing was promptly cut and studied as before. 

The technique was adapted for use in rabbits. These were white, male animals of the 
New Zealand strain, weighing about 3 kilograms. The animals were anesthetized with intra- 
venous Nembutal supplemented with ether as necessary, The right jugular vein was exposed 
by dissection, its distal tributaries were ligated, the vein was cut open, and a No. 14 trochar 
was inserted. Lengths of plastic tubing (B-D VX-044) measuring about 30 em. 
were cut, and these were slipped over an 18 gauge needle attached to a 10 ml. syringe 
containing isotonie saline. This tubing was marked at a point measuring the distance 
from its free end equal to that from the animal’s maximal cardiac impulse on the 
right to the mouth of the trochar. The tubing was filled with saline from the syringe, 
and clamped with a hemostat next to the needle. It was then inserted into the jugular 
vein through the trochar and threaded through until the mark on the tubing was at the 
mouth of the trochar. This manipulation usually placed the tip of the tube in the right 
atrium, as determined by subsequent postmortem dissection. The hemostat was then removed 
from the tubing, and the tubing was flushed with about 2 ml. of saline from the syringe. 
The syringe was then used gently to aspirate blood from the heart, and this was continued 
until about 2 ml. of blood had entered the syringe, thus displacing all saline from the 
tubing. The tube was doubly clamped as above, it was withdrawn from the trochar, and 
the stylet of the trochar was replaced. This procedure made it possible to perform repeated 
determinations of the clotting time in rapid succession by insertion of fresh tubes. The 
clotting end point was determined as above, except that the tube was flushed with saline by 


means of a syringe supplied with an 18 gauge needle. 
RESULTS 

The data obtained from normal human subjects are presented in Fig. 1. 
It can be seen that the first evidence of fibrin formation most frequently oc- 
curred after 2 hours of incubation. Once such elotting started, about 40 addi- 
tional minutes of incubation was necessary for completion of the process with 
the formation of a solid clot. Ineubation of the tube at 37° C. resulted in 
shortening of the clotting time by about 30 minutes, as shown when the tube 
was divided into 2 segments one of which was immersed in a 37° C. water bath, 
the other maintained at room temperature. When previously mentioned difficul- 
ties in venepuneture were encountered the clotting times were considerably 
shortened; such specimens were discarded. Multiple tests performed on a single 
individual usually agreed within 20 minutes, as shown in Table I. 

In rabbits the onset of fibrin formation oceurred in about 1 hour, and 
repeated determinations in a given animal agreed within about 10 minutes. 


The shorter clotting time of rabbit blood may represent differences in technique, 
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since tubes of smaller caliber were found to give somewhat shorter clotting times 


in human subjects as well. It is also possible that rabbit blood is inherently 
more coagulable. 


TABLE I. PLastic TuBE CLoTTinG TIMES (IN MINUTES) TAKEN SUCCESSIVELY FROM OPPOSITE 
ARMS IN HUMAN SUBJECTS 


SUBJECT RIGHT ARM LEFT ARM 
90 90 
90 90 
100 100 
100 110 
160 170 
180 160 





90-120 130-150" 160-180 ' 190-210 '220- 240 250 - 270' 280-300 310-330 
CLOTTING TIME (MINUTES) 
Frequency distribution of plastic tube clotting times in normal human subjects 
DISCUSSION 
The present technique yields clotting times approaching those encountered 
by Wessler* in doubly ligated vein segments. This prolonged preservation of 
blood fluidity suggests that coagulability of the blood is being tested in near- 
physiologic conditions. Sinee under normal cireumstances there is little tend- 
ency for the blood to clot in vivo, the technique would not appear to be suitable 


for the study of coagulation deficiencies. The test was designed primarily for 
evaluation of ‘‘hypercoagulable’’ states. 


At present there is no certain evidence that a generalized increase in blood 
coagulability oecurs in disease, although it would seem likely that such changes 
might occur. For example, during the course of major surgery or in wide- 
spread thromboembolic disease, coagulation-active materials probably enter the 
general circulation in significant amounts. Since there appears to be little 
activation of the blood clotting factors in plastic tubes, the method should be 
sensitive to the presence of an already activated system. 








SPAET, CINTRON, AND KROPATKIN J. Lab. & Clin. Med 


September, 1959 


Experimentally there has been unequivocal production of the hypereoagu- 
lable state in vivo. Wessler® has shown that intravenous administration of 


serum results in rapid clotting within doubly ligated vein segments remote from 
the site of injection. In rabbits, following the intravenous injection of rabbit 
serum, the plastic tube clotting time is markedly shortened ; this shows that the 
method is capable of demonstrating hypereoagulability. 


Work is in progress designed to evaluate the plastic tube clotting time 
under various physiologic and pathologie conditions. At least one conclusion 
from these data is that there is no demonstrable consistent alteration in normal 
subjects following meals containing large amounts of lipids derived from 
butterfat or eggs. 

SUMMARY 


A method is deseribed for the determination of whole blood clotting times 
in plastic tubes. By this technique clotting begins after about 2 hours in nor- 
mal human subjects, and after about an hour in rabbits. It is suggested that 
the method is useful for studying the hypercoagulable state. 
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RAPID SEPARATION AND QUANTITATION OF THREE PHENOLIC 
ESTROGENS BY PAPER CHROMATOGRAPHY 
A MetHOop AND Its EVALUATIONS 
CHARLES W. Porter, B.A., M.A., Evizaseru L. Cuark, B.S., M.T. (A.S.C.P.), 


AND GEORGE E. BLock, M.D., M.S. (Sura.) 
ANN ARBOR, MICH. 


INCE Zaffaroni and associates! demonstrated the application of paper chro- 

matography to urinary steroid determinations, investigators have sought a 
method which could be used to determine estrogen excretion on a clinical basis 
and which would be accurate and reproducible. Bloch and co-workers? showed 
that by the application of Zaffaroni’s technique’ (the conversion of the estro- 
gens to hydrozones, chromatographing and localizing them with K,PtI,) a 
quantitative method could be adapted for the determination of several urinary 
steroids. However, they were unable to determine the estrogens quantitatively 
with the exception of estrone, and, in the determination of this compound, 
they encountered difficulties which are not easily controlled for accurate 
quantitation. 

Dao* did show that it was possible to get good separation of 4 of the 5 
known naturally occurring estrogens without changing their chemical nature 
by the application of paper chromatography. He did, however, use biologic 
assay as a final method of quantitation. With this method, Dao was able to 
quantitate as little as 0.03, 0.005, 0.03, and 0.06 yng of estrone, 17-B-estradiol, 
estriol, and 16-epiestriol, respectively. Huggins and Jensent and Hisaw and 
associates’ have shown that there are potential antagonistic actions of the 
various estrogenic steroids when administered together; it is well known that 
there may be some potentiation or augmentation of their action in the biologic 
test animals by the presence of the adrenal glands. Nevertheless, Dao’s test 


for quantitation is quite sensitive and can measure very small amounts of the 
excreted steroids. 


We are of the opinion, however, that Dao’s method is too time consuming 
to be applicable on a routine clinical basis. We feel that a method could be 
developed which does not depend upon the fluctuating state of the test animals, 
instead it would be purely physical and chemical and, as such, would have a 
greater degree of accuracy. This paper presents our results of an investiga- 
tion of such a method. 

From the Department of Surgery, University of Michigan, Ann Arbor, Mich. 
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MATERIALS AND METHODS 


Estrogens.—17-B-Estradiol, estrone, and estriol were the 3 estrogens used in the experi 
ment." These were dissolved in redistilled methanol at a concentration of 2 mg. per milliliter. 
Aliquots of 10, 15, 20, 25, and 30 wg of each estrogen in the mixture were applied to What- 
man’s filter paper No. 3 and allowed to develop in a sealed glass tank by the descending 
method. 


Solvents.—The developing solvent system employed was n-heptane-methanol. Both re 


agents were redistilled by a method described by Dao’ to remove impurities which have been 
found to be present in the reagent grades and which would interfere with the separation of 
the steroids. The methanol and heptane were mixed in a i:1 ratio and allowed to equilibrate 
in a separatory funnel. This is kept at a temperature of 35° to 37.5° C. The upper and 
lower layers resulting from the mixture are used as mobile and stationary phases, respectively. 

Chromatography.—Whatman’s filter paper No. 3 was used for obtaining each separation. 
This paper consisted of sheets cut to the size of 9.9 by 41 em. The sheets were prepared by 
washing in a soxhlet type apparatus with redistilled absolute methanol for 3 or more days. 
\fter this time they were removed, air dried, and readied for spotting. 

Three spots are placed on each sheet 9 em. from one end, with one spot being placed 
in the center and the other two 1.6 em. from either edge. Slits 0.1 em. wide are cut length 
wise along the paper beginning at the starting point of the applied spots and running to 5 
em. from the farthest end. This is done to prevent the possible merging of the materials as 
the chromatograms develop. 

The papers are placed in a tank 30 by 54 by 21 em. (see Fig. 1) in troughs supported 
by a stainless steel support held at the desired level in the tank by its own spring action. 
The lower layer of the solvent system (stationary phase) is then introduced into the tank 
on its bottom to a depth of 2 em. The tank is sealed with a glass lid with bored holes which 
are sealed with aluminum foil-covered stoppers. The lower layer is allowed to equilibrate for 
a period of 4 to 5 hours. At the end of this period the mobile phase is introduced into the 
troughs containing the papers through the holes in the lid with the aid of a funnel. The 
holes are sealed, and the papers allowed to develop for a period of 20 hours. The temperature 


ranged from 35 37.5° C. and these are recorded at the beginning and end of each run. At 


the end of the 20-hour runs, the papers are removed and allowed to air dry. 


Color Development for Localization and Quantitation of the Estrogqens.—The color is 
developed by dipping the chromatograms in a solution of a mixture of equal parts of 1 per 
cent solutions of FeCl, and K,Fe(CN 


« in water. This mixture is freshly prepared just prior 
to dipping. 


The resulting color which develops in the areas where the steroids are located 
will be a deep blue (Turnbull Blue). Immediately after dipping and color development, the 
papers are washed in dilute hydrochloric acid (10 per cent v/v) and then washed in water. 
While the papers are still wet, the spots are outlined with a sharply pointed soft lead pencil. 
The papers are then allowed to dry. Though it has been reported by Dao? and Meyer®’ that 
the spots are permanent, there is a tendency for bleaching to oceur at the periphery with 
drying and the edges are not as clearly defined as when wet; thus, it is necessary to out 
line the spots while the papers are still wet. It has been found that blotting with a towel 
hastens drying and does not affect the color or the outlines on the chromatograms. 
@uantitation of the Estrogens.—For quantitation, the outlines are preferably made by 
the same individual in an attempt to eliminate personal variables. After drying the papers, 


the area of the spots is measured with a polar planimeter. The circumference of each spot 


is measured twice and the average recorded. The readings are then translated into area in 
centimeters squared using the conversion constant predetermined for the planimeter in use. 

To check the amount of steroids lost during extraction and separation, recovery experi 
ments were carried out as follows: pooled 48-hour urine specimens were divided in half. To 
one half, known amounts of pure estrogens were added in quantities varying from 10 to 30 ug 


Z. 


*Obtained from The Sigma Chemical Company, St. Louis, Mo. 
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Each half was hydrolyzed, extracted, and treated identically. The washing was done in the 
same manner as described by Dao’ with a single modification—that being washing the final 
ether extract with activated charcoal (Darco), filtering, and washing the filter paper and char- 
coal several times with anhydrous ether. The extracts were taken to dryness and taken up 
with a known volume of redistilled methanol. Chromatograms of the same urine extract were 
also run with and without the addition of known amounts of the various estrogens to the spot 
of urine extract. The chromatograms of a given urine extract with and without the addition 
of the pure estrogens were run on the same paper. The data obtained from these experiments 
show the recovery rates to be 97, 94, and 45 to 67 per cent for estrone, 17-B-estradiol, and 
estriol, respectively. In these experiments, 16-epiestriol sometimes interfered with the quanti- 
tation of estriol. It was found, however, that it is possible to separate these two steroids 
adequately if the equilibration period is extended to 10 hours. This increases the Rf values 
of the estrogens; therefore, it is possible that the estrone may be eluted from a paper of the 
dimensions we deseribe. 


—+99em> 
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g. 1 Line drawing of chromatography developing tank and chromogram \ alu- 
minum foil-covered stopper. 3 glass lid. C trough consisting of stainless cradle, glass 
boat, and 2 antisiphon rods stainless steel support KE chromatogram 


A second method which could be used to separate 16-epiestriol and estriol is that of 
employing a second solvent system. The substances can be eluted from the original chromato 
gram before color development with absolute methanol, which is evaporated to dryness. The 
residue is redissolved in a known quantity of methanol and rechromatographed using benzene 
methanol-water (2:1:1) with the organic phase of the mixture used as the mobile phase.® 

Although we are aware of the importance of quantitating 16-epiestriol, at the time of 
this writing the pure form of this steroid was unavailable to us. Since then, we have been 
able to acquire a sufficient quantity for a quantitative determination using the method 
deseribed herein. This analysis is presently being undertaken. 

Several experiments were carried out using beta glucuronidase (yeast) for enzymatic 
hydrolysis of urine specimens. Although the number of recoveries done using this method 
were not sufficient to make a critical evaluation, the chromatograms resulting from these 
urines showed no streaking and good separation. Since acid hydrolysis also releases un 
wanted chromogens, selective hydrolysis as accomplished with enzymes would minimize this 
undesirable characteristic of urine extracts. Extracts prepared in this way are acceptable for 
quantitation using the method described herein, Since, however, we are interested in a method 
for routine clinical application where more rapid determinations are desirable, we have found 
that acid hydrolysis combined with absorption of chromogens by activated charcoal during 
the washing procedure is as efficacious as enzymatic hydrolysis in producing clean extracts 


for chromatographing. 
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RESULTS AND CONCLUSIONS 
Although there has been accumulated a vast amount of evidence support- 
ing the premise that the area measurements can be used in quantitating small 
amounts of material by paper chromatography® * the method has been applied 
relatively infrequently for steroid determinations. 
We have applied this method to separation and quantitative assay of 
purified naturally occurring estrogens (estrone, 17-8-estradiol, and estriol) and 
have obtained the results outlined below. 


" 


we ESTRONE 
e@wwer ESTRADIOL 
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Relationship between concentration of estrogens and area of the chromatogram spot 


Our data show that the area can be used to measure the concentration. 
Although the spots were not always the same size on different papers for a 
given amount of standard (due to nonuniformity of the paper and minimal 
temperature variations) when equal amounts of standard were run in triplicate 
on the same paper, the areas of the spots were invariably the same as measured 
by the planimeter. 


TABLE I. RELATIONSHIP BETWEEN CONCENTRATION AND AREA OF THE RESULTING SPOT 


10 wg 15 wg 20 pg 25 ug 30 wg 
Estrone 
‘area in em.2 3.40 4.51 8.28 4 12.44 
Average standard deviation 0.28 2 0.52 82 0.30 
17-B-Estradiol 
Average area in em.2 1.30 2.57 4.41 5.12 6.27 
Average standard deviation 0.24 31 0.36 0. 0.64 
Estriol 
Average area in em.2 0.87 oe 1.80 2.45 2.79 
Average standard deviation 0.20 0.33 0.26 
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Table I shows average areas and average standard deviations for the 
different standards in varying concentrations, and the average Rf values for 
each of the 3 compounds. These data compare favorably with that of Bloch 
and associates.” For estrone, however, we found our greatest deviation at 25 
pg in comparison to 20 ug. 

Next, we attempted to show that the area of the spot increased in pro- 
portion to the concentration. Using the least-square method, we obtained the 
results seen in Table IT and Fig. 2. 


TABLE II. AREAS AT VARYING CONCENTRATIONS AS CALCULATED BY THE LEAST-SQUARE 
METHOD AND COEFFICIENTS OF VARIATION (CV) 


10 wg 15 ue 20 pg y 4. CV 


Estrone 2.84 5.40 7.97 B,*. 13.09 9.00 
17-B-Est radiol 1.39 2.66 3.93 owe 6.48 10.00 
Estriol 0.43 1.11 1.83 2.5% 3.22 3.90 


It is apparent from these calculations that our data do not indicate that 
the area is proportional to the logarithm of the concentration, but is propor- 
tional to the concentration itself when using the method described. With the 
standard deviations shown in Table I and the coefficients of variation of 10 or 
less as seen in Table II, we feel that our technique is a valid method for the 
separation and quantitation of estrone, 17-8-estradiol, and estriol. The steroids 


analyzed were obviously in an unconjugated form. 
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AN AUTOMATIC FLOW SWITCH 


JoHn L. DecKER, M.D.* 
Boston, Mass. 


A SIMPLE, inexpensive, time actuated switch for changing fluid flow has 


It is capable of stopping 
flow from one reservoir and starting that from another at any desired time 


been devised and used in this laboratory. 


and has been used in connection with gradient elution ion exchange chro- 
matography such as that described by Hurlbert and his colleagues.’ 


RUBBER 
STOPPER 











Fig. 1 \ diagrammatic side view of the apparatus 


Procedure.—A pencil was earved to a shape which fit firmly against the 
curved surface of the cock handle of a three-way stop cock (Cerning No 
7380), and the wood and glass were joined with several wrappings of cello- 
phane tape. A rubber stopper (size 7) was grooved across its larger end, the 
groove passing through the center of the fiat surface; it was sufficiently large 
to allow the pencil to lie snugly within it 


Centered on the flat surface of 
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the smaller end of the stopper, a hole was cut of a shape and size appropriate 
to admit the alarm winding key of an ordinary mechanical alarm clock with 
a fairly strong alarm spring. 

The stop cock was supported in a rubber shod clamp and the clock was 
positioned with an adjustable clamp. 

In operation the alarm is wound and the key is allowed to turn until 
it is in a position to be fitted into the hole in the rubber stopper. The alarm 
is then set for the desired time and a bar is clamped into a position such that 
the pencil will strike it after the cock has been turned by the alarm key 
through the desired are. The axes of the alarm key, the rubber stopper, and 
the stop cock should be carefully aligned. 


The rubber clamping and stopper take up the twisting force of the alarm 
key satisfactorily, and there is no further movement until the device is reset. 
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DETERMINATION OF GLYCEROL IN BLOOD-GLYCEROL MIXTURES 


C. A. CRUTCHFIELD, Jr., M.S., AND H. A. Sioviter, Pu.D., M.D. 
PHILADELPHIA, Pa. 


HE addition of glycerol to blood prevents the destruction of erythrocytes 
caused by freezing and makes possible the preservation of whole blood at 
temperature below freezing for long periods of time.’’? Studies in this labo- 
ratory on the mechanism whereby glycerol exerts its protective action have 
required the quantitative determination of glycerol in blood-glycerol mixtures. 
It has also been shown that glycerol solutions can be safely injected intrave- 
nously into animals and man.* Investigations of these infusions have also re- 
quired the determination of glycerol in blood. Blood, whether freshly drawn 
or preserved, contains a significant amount of glucose; therefore, the analytic 
problem presented was to determine glycerol in the presence of glucose. 
Available methods for the determination of glycerol are of 3 types: (a) 
the acetin method based on the esterification of glycerol by acetic anhydride ; 
b) colorimetric methods based on the partial oxidation of glycerol and subse- 
quent reaction with a leueo dye; (¢) oxidative methods using dichromate, 
cerate, or periodate. The acetin method is not suited to samples of low glycerol 
content and the colorimetric methods are in general neither specifie nor pre- 
cise. Of the oxidative agents, periodate is most convenient and specific since it 
acts only on compounds which contain hydroxyl groups on neighboring carbon 
atoms. However, with this agent, as with all others, glucose is an interfering 
substance. The present study was directed toward developing a method of deter- 
mining glyeerol by periodate oxidation in which the interference by glucose 
could be eliminated or for which an adequately precise correction could be made. 
Glucose can be removed by precipitation with barium or ealeium hydroxide 
and alcohol.’ This procedure requires overnight refrigeration and is tedious 
and not very reliable. Glycerol has been determined in the presence of glucose 
in fermentation mixtures by cerate oxidation of both glycerol and glucose fol- 


lowed by an independent determination of glucose.’ This method is not appli- 


cable to cases where the glycerol content is considerably higher than the glucose 
content as is the case in the blood-glycerol mixtures the analysis of which is 
desired. Furthermore, it involves two different types of nonstoichiometrie de- 
terminations which are not of comparable precision. The determination of 
glycerol in blood has been performed by a method which depends on the fact 
that glycerol is more rapidly oxidized by periodate than is glucose.’ This 
= ein work reported herein was supported by United States Public Health Service Grant 
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method requires precise control of conditions of oxidation and the subsequent 
colorimetric determination of the resulting formalin is troublesome because 
iodide must be removed, light must be excluded, and freezing mixtures must 
be used to control temperature during addition of concentrated sulfurie acid. 
Glycerol has been separated from glucose by column chromatography* ° but 
such a technique is hardly suited to rapid routine analysis. 

The present method is based on the fact that when heated with aqueous 
alkali the glucose molecule is disrupted and most of its reducing action is lost, 
but the glycerol molecule is unaffected. Keppel'® had reported a procedure for 
determining glycerol in egg yolk preparations which contained very small 
amounts of glucose by boiling the sample with alkali prior to the determination 
of glycerol by periodate oxidation. This treatment with alkali eliminated about 
65 per cent of the reducing action of the glucose and the remaining interfer- 
ence was neglected because the error was small. However, the author stated 
that if more than minute quantities were present, the glucose must be removed 
prior to treatment with periodate. The present investigation began with an 
attempt to eliminate the residual reducing action which is present after treat- 
ing glucose with alkali. Attempts to achieve this by varying the experimental 
conditions, by extraction with organic solvents, or by selective oxidation with 
agents other than periodate were not successful. However, it was found that 
the fraction of the reducing action of glucose which was destroyed by treatment 


with alkali was large enough and constant enough so that an adequately pre- 


cise correction could be made for the residual reducing activity. On this basis, 
a method has been elaborated in which identical aliquots of a solution con- 
taining both glycerol and glucose are oxidized by an excess of periodate both 
before and after treatment with alkali. From the two titrations of the excess 
periodate a moderately precise value of the glycerol content is obtained and a 
somewhat less precise value of the glucose content is also obtained. 


MATERIALS AND METHODS 


Solutions and Reagents.— 


Periodate 0.02 M: Prepare 0.1 M sodium periodate by dissolving 21.4 Gm. of NalO, 
in 1,000 ml. of water. As needed, 0.02 M. periodate is made by diluting the 0.1 M solution 
with water. 


Standard arsenite: Prepare 0.1000 N arsenite by dissolving 4.9465 Gm. of analytic 
reagent grade As,Og in 40 ml. of normal sodium hydroxide solution, adding normal hydro- 
chloric acid until the solution is faintly acid to litmus and diluting to 1,000 ml. in a 
volumetric flask. The 0.02 N solution is made by diluting the 0.1 N solution with water. 


Glycerol and glucose solutions: These solutions were prepared from weighted quan 
tities of the analytic reagent grade material which were diluted to give a convenient concen- 


tration. They were assayed by the periodate oxidation method described herein. 


Preparation of Protein-free Filtrate-—Transfer an accurately weighed sample of blood 
(containing a total of not more than 0.4 Gm. of glycerol and glucose) to a 50 ml. beaker 
and add 5 ml. of water to lyse the cells. Precipitate the protein by adding dropwise with 
mixing 6 ml. of cold 20 per cent trichloroacetic acid solution and allow to stand for one 


ro 


hour at 5° C, Filter through a paper (which has been wet with 10 per cent trichloroacetic 
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acid) into a 100 ml. volumetric flask. Wash the beaker, precipitate, and paper 3 times with 
5 ml, portions of 10 per cent trichloroacetic acid. Dilute the filtrate to the mark with 


water, mix, and take aliquots for the determinations described below. 


Titration of Untreated Aliquot.—Transfer a 10 ml. aliquot of the protein-free filtrate 
to a 100 ml. volumetric flask, add one drop of bromeresol purple indicator (0.1 per cent in 
alcohol) and then 10 per cent NaOH until just alkaline. Add from a pipette 50 ml. of 
0.02 M sodium periodate solution, mix, and allow to stand for two hours. Similarly pre 
pare a ‘‘blank’’ determination by using 10 ml. of water in place of the aliquot. After 
adding the periodate the solutions should be acid to the indicator ; if not, acidify with 
dilute sulfuric acid. After standing 2 hours, dilute to the mark and mix. Transfer 20 ml. 
aliquots to 125 ml. Erlenmeyer flasks, add 10 per cent Na,HPO,-12H,0 solution until 
definitely alkaline (about 10 ml.) and then 0.5 Gm. of KI crystals. Titrate the iodine 
which is formed with standard 0.02 N arsenite solution using starch solution as indicator. 
The titration must be conducted slowly near the end point. 


Titration of Alkali-Treated Aliquot.—Transfer a 10 ml. aliquot of the protein-free 
filtrate to a 125 ml, Erlenmeyer flask, add one drop of bromeresol purple indicator and then 
10 per cent NaOH until neutrality and then 2 ml. in excess. Heat to a gentle boil and 
boil for one minute. Do not mistake the release of CO, from the decarboxylation of tri- 
chloroacetate as boiling. Allow to cool for 5 minutes, add 1:1 H,SO, until acid and then 
, drops in excess. Boil gently for one minute, then cool the flask in cold water. Add 
10 per cent NaOH until just alkaline and transfer the solution quantitatively to a 100 ml. 
volumetric flask. Add periodate and complete the determination as for the untreated 
aliquot. 

Calculation. 

‘*Blank’’ titration)—(untreated aliquot titration) A ml. 
‘*Blank’’ titration)—(alkali-treated aliquot titration) B ml. 
It has been found that after alkali treatment 18.5 per cent of the original reducing 


activity of the g!ucose remains and the glycerol is not affected. 
Let G ml, of arsenite equivalent to glycerol; D ml. of arsenite equivalent to glu- 
cose (dextrose). Then 
A G+D (1) 
B= G + 0,185 (2) 
B 0.815 D 


ID) 227 (A B) 


Substituting this value of D in equation 1 gives: G 1.227 B — 0.227 A. 1.00 ml. of 
0.02 N arsenite is equivalent to 0.4605 mg. of glycerol. G « 0.4605 mg. of glycerol in 
aliquot, or G x 4.605 mg. of glycerol in original sample. Milligrams of glycerol in origi 
nal sample 5.650 B 1.045 A. 

The quantity of glucose present can also be caleulated: D 1.227 (A B). 1.00 
ml. of 0.02 N arsenite is equivalent to 0.3603 mg. of glucose. D x 0.3603 mg. of glucose 
in aliquot. D x 3.603 = mg. of glucose in original sample. Milligrams of glucose in original 
sample 4.420) \ B 


RESULTS AND DISCUSSION 


It was found that maximal removal of the reducing action of glucose was 
obtained by boiling the alkaline solution for 30 seconds and that longer boiling 


had no further effect. A boiling period of one minute was adopted to provide 
a satety factor. 


A number of independent experiments were performed to determine what 
percentage of the reducing action of glucose was destroyed by treatment with 
alkali as deseribed in the procedure above. Five or more such experiments were 
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done for each of 3 different quantities of glucose per reaction vessel. With 
1.34 mg. of glucose per flask, the percentage of the reducing action destroyed 
was 81.1 with a standard deviation of 1.1; with 2.68 mg. of glucose these values 
were 81.8 and 0.9, respectively ; with 4.02 mg. of glucose they were 81.3 and 1.4. 
It was apparent that the percentage destroyed, within the experimental error, 
is independent of the amount of glucose present. The average for all the ex- 
periments was 81.5 with a standard deviation of 1.0, and it is this value which 
has been used in the preceding method of caleulation. It was also found that 
the quantity of glycerol present did not influence the destruction of glucose 
by heating with alkali. 


TABLE I. DETERMINATION OF GLYCEROL AND GLUCOSE IN SIMPLE SOLUTIONS 
AMOUNT PRESENT AMOUNT FOUND " | PER CENT 


(MG,) (MG, ) ERROR 
GLYCEROL GLUCOSE GLYCEROL GLUCOSE GLYCEROL GLUCOSE 


6.4: 6.70 6.30 oF 2. +8,° 
2 13.40 6. 3.3 J 0. 
4° 20.10 6.6 

2.86 6.70 
2.86 13.40 
2.86 20.10 
9.29 6.70 
9.29 13.40 
29 20.10 
6.70 
13.40 
20.10 
6.70 
13.40 
20.10 


to 
NNO“ 


—5-- eS ee ee 
= | 


I 
‘1 


| 


eS Be ere 


The method was tested at first with simple solutions containing known 
quantities of both glycerol and glucose. Since no protein was present the 
treatment with trichloroacetic acid was omitted. The results of these analyses 
are shown in Table I. The ratio of glycerol to glucose in these mixtures 
varied from about 0.3 to 5.0. Although the error in the determination of gly- 
cerol is not a simple function of this ratio, it is evident that the error is smal- 
ler when this ratio is large. The standard deviation in this group for the 
determination of glycerol was 1.3 per cent of the amount present. The stand- 
ard deviation in determining small quantities of glycerol by the periodate 
method in solutions containing only glycerol is of the order of +1 per cent 
of the amount present. Thus, the present method for determining glycerol 
in the presence of glucose compares favorably with the determination of gly- 
cerol in pure solution. As is to be expected, the results for glucose content 
were less precise, the standard deviation being +4.8 per cent of the amount 
present. 

The complete procedure was tested with samples prepared by adding 
known quantities of glycerol and glucose to human blood which had been 
collected into acid citrate dextrose (ACD) preservative-anticoagulant solution. 
Individual samples for analysis were prepared by adding carefully measured 
volumes of glycerol and glucose solutions to 4.0 ml. portions of ACD blood. 
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Sinee ACD blood contains glucose, the amount of glucose present was the sum 
of glucose in the blood and the glucose added. The results of the analyses 
of these blood samples are shown in Table II. These results also show that 
the error in the determination of glycerol is in general lower when the ratio 
of glycerol to glucose is higher. The standard deviation for all the analyses 
shown is +2.3 per cent of the amount present. The spread in the results for 
glucose is larger, but if the samples containing the lowest quantity of glucose 
(those to which no glucose was added) are exeluded from the calculation, the 
standard deviation is +4.6 per cent of the amount present. 

The precision of the results obtained with the present method compares 
quite favorably with other methods for the determination of glycerol in the 
presence of interfering substances. It has the advantages of considerable 
simplicity since it requires no separations and uses only a single type of titra- 
tion. It requires no special glassware or expensive reagents. It further pro- 
vides a value for the glucose content of the sample with no additional labor. 

The present method should be directly applicable to the determination 
of glycerol in the presence of fructose and mannose, the epimers of glucose 
whose behavior in alkaline solutions should be identical with that of glucose. 
The method should also be applicable in the presence of other reducing sugars, 
but the optimal conditions and the reproducibility would have to be established. 
The method could also be used for the determination of glycols or other com- 
pounds with vicinal hydroxyl groups in the presence of reducing sugars. 


TABLE II. DETERMINATION OF GLYCEROL AND GLUCOSE IN BLoop SAMPLES 


AMOUNT PRESENT AMOUNT FOUND PER CENT 
(MG.) | (MG.) ERROR 


GLUCOSE 


GLYCEROL GLUCOSE GLY¢ EROL. GLUCOSE GLYCEROL 


12. 24.2 3. 3.6 +8, 
4.8 +4, 
1.6 +0), 
OLS +11. 


+0. 
50. 
100.7 
99 
96.6 
99.5 
200, 
196.0 


SUMMARY 


A relatively simple method has been elaborated for the determination of 
glycerol in blood-glycerol mixtures which contain glucose. The method is 
based on the fact that the glucose molecule is disrupted on heating in alkaline 
solution and a large and reproducible fraction of its reducing activity is lost. 
The method is carried out by determining the amount of periodate reduced 
by aliquots of a protein-free filtrate containing glycerol and glucose both before 
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and after treatment with alkali. From the two titrations the glycerol content 
ean be caleulated with a mean error of +1.4 per cent. From the same titra- 
tions a somewhat less precise value of the glucose content can be calculated. 


The method has general applicability to solutions containing glycerol and glu- 


cose and should be applicable to mixtures of related compounds such as glycols 
and other reducing sugars. 
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A METHOD FOR RECOVERING LARGE NUMBERS OF PLATELETS 
AND LEUKOCYTES FROM NORMAL HUMAN BLOOD 


Henry F, Ratrrunpe, M.D., aNnp ALFRED G. KNupson, JR., M.D., Px.D. 
DUARTE, CALIF. 


_ WISH to report a method for recovering large numbers of platelets 
and leukocytes from normal human donors. We believe that the method 
is particularly applicable where fresh plasma is prepared on a large scale. 


MATERIALS AND METHODS 


Our source of platelets and leukocytes from normal human donors has been the cellu 
lar mass remaining after the separation of plasma for use as antihemophilic plasma. The 
plasma was drawn off within 3 hours of the withdrawal of blood from donors. 

Five hundred milliliter quantities of blood were drawn from normal human donors 
into vacuum bottles containing 50 ml. of 4 per cent sodium citrate. This blood was cen- 
trifuged at approximately 1,500 g (middle of bottle) for 45 minutes at 4° C. The buffy 
coat was a l to 2 mm. layer between plasma and erythrocytes. The plasma was removed 
by aspiration and processed further for antihemophilic activity. In 15 per cent of the 
units of bloods, the cells in the buffy coats were clumped markedly; these were not used. 

The method for recovering the leukocytes from this centrifuged blood depended 
upon a device for aspirating the buffy coat. This device was a spoon on a long handle, 
along which ran a plastic tube. The spoon was made by riveting a curved handle to an 
ordinary aluminum measuring teaspoon, from which a section had been removed (Fig. 1 

In operation, a vacuum led through a trapping flask to a collecting tube, which in 
turn was connected to the aspirating spoon (Fig. 1). The collecting tube was a Pyrex 
culture tube, 20 by 150 mm. A glass tube (3.5 mm. diameter) led to the plastie tubing 

3.5 mm. inside diameter) of the spoon assembly. 

The buffy coat (platelets and leukocytes) was then aspirated (Fig. 1). The spoon lip 
was placed just beneath the buffy layer to avoid excessive erythrocyte contamination. 
The vacuum was controlled by pinching the tubing in order to assure a slow, steady flow 
rate without foaming. 

The buffy coat so obtained was a mixture of plasma and formed elements in a vol- 
ume of 20 to 40 ml. Further separation was accomplished by recentrifugation of the 
collecting tube at 200 g (middle of tube) for 30 minutes at 4° C. This centrifugation 
vielded 4 layers: plasma, platelet, buffy (mainly leukocytes), and erythrocyte (Fig. 2 
(The “buffy layer’ from this second centrifugation should be distinguished from the 
original “buffy coat.” These layers were individually aspirated with a syringe and 
needle (3 in., 18 gauge 

Aliquots were examined microsepically. All steps in the procedure were performed 
aseptically. Nonsiliconized glassware was used throughout, since siliconization did not 


improve the yield. One person was regularly able to recover the leukocytes from 10 to 25 


pints of blood within a period of 3 hours. 
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Fig. 2.—Recentrifuged buffy coat showing platelet layer, buffy layer, and red blood cells 
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RESULTS 


The compositions of the platelet and buffy layers of 19 representative, re- 
centrifuged specimens are recorded in Table I. Approximately 60 per cent 


TABLE I. COMPOSITION OF PLATELET AND Burry LAYERS 


PLATELET LAYER BUFFY LAYER 


AVERAGE RANGE AVERAGE RANGE 
2.5-13 3.5 2.2-5 
Packed cell volume Platelets and i h// 4-14% 51% 42-58% 
leukocytes 
Erythrocytes t 1.0% 0.5-2.0% 
Formed elements Leukocytes od 0.2-3.1 450-990 
thousands per mm. Platelets 6,600 3,000-16,000 5 9,000-17,000 
Erythrocytes t t f 40-450 
Absolute numbers of 
formed elements Leukocytes 0.009 0.001-0.028 
billions Platelets 5 20-109 
Erythrocytes { t 


*Total volume, milliliters 
*Not enough to measure 


of the leukocytes in the original 500 ml. of blood was recovered in an average 
volume of 3.5 ml. The following observations were made on these layers. 


A. Platelet Layer—The platelets in this layer were well separated; how- 
ever, those obtained in the buffy layer were occasionally clumped. The platelets 
were found to funetion normally both in vitro,* by recalcification time, plasma 
clot. retraction, and thromboplastin generation, and in vivo, by platelet count 
and clot retraction, in thrombocytopenic patients. 


B. Buffy Layer—The leukocytes in this layer were not clumped micro- 
scopically. They were motile and appeared morphologically intact by direct 
and phase microscopy. As noted in Table I, there were some erythrocytes and 
many platelets in this fraction. Most of the remaining erythrocytes could be 
removed by recentrifugation from 14 volume of fresh plasma in a centrifuge 
tube. A further decrease in RBC could be achieved by recentrifugation with 
plasma, and a decrease in platelets could be obtained by recentrifugation 
with EDTA. 

SUMMARY 

1. A method is deseribed for the recovery of leukocytes and platelets in 
large quantities from normal human donors. 

2. The platelets so isolated functioned normally both in vitro and in vivo. 

3. The leukocytes so isolated were motile and intact as judged by direct 
and phase microscopy. 

We wish to express our gratitude to The Hyland Laboratories, Los Angeles, Calif., 
for the generous use of their facilities, and to Dr. John W. Palmer for his cooperation, 


*These tests were kindly performed by Doctor Sherwood Miller. 





LIQUID SCINTILLATION COUNTING OF HISTAMINE-C™“ AND ITS 
METABOLITES 


GiLtpDON N. Breauu, M.D.,* anp Paut P. VANARSDEL, JR., M.D. 
SEATTLE, WASH. 


WitH THE TECHNICAL ASSISTANCE OF SUE R. STEVENS 


ROMATIC solutions of certain phosphorescent substances emit light in the 

presence of beta radiation. Detection of this light emission with a photo- 

multiplier tube provides an efficient and sensitive method for the assay of the 
low-energy beta radiation emitted by such isotopes as C', S*, and H?®. 

The advantages of such liquid scintillation techniques have been: high 
efficiency, ability to assay relatively large volumes of sample, and simplicity of 
sample preparation. The most important problems to be overcome have involved 
the high background eounting rates dues to thermionic emission from the 
photomultiplier tube, and the insolubility of aqueous samples in aromatic 
hydrocarbons, such as toluene, which are the most efficient scintillating solvents. 


Innovations in instrumentation, including refrigeration of the photomultiplier 


tubes, have reduced background counting rates to satisfactory levels. However, 
techniques for incorporation of aqueous samples into organic scintillation 
solutions have not been applicable to new situations without modification. 

When beta radiation assay of a labeled substance in biologie fluids is desired, 
one may prepare a derivative soluble in toluene. Thus, certain materials such 
as CO., amino acids, and even proteins have been successfully incorporated into 
toluene with a quaternary ammonium base (Hyamine).''? The probability 
that urine or plasma samples would require conversion to CO, in order to assay 
total radioactivity by this method persuaded us to investigate alternative methods 
of preparation. 

Suspension of the sample material in a thixotropie gel containing the 
scintillation solvent and phosphors has been used to assay finely ground solid 
particles.* The possibility of suspending an immiscible liquid in droplet form 
in such a gel for scintillation assay has not been adequately investigated. 

Aqueous samples have been successfully dissolved in teritary liquid 
mixtures of methanol or ethanol and toluene,‘ but the only acceptable scintillation 


solvent fully miscible with water is p-dioxane.* 


Purification of commercially 
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available dioxa.e is required and the freezing point of dioxane (10° C.) is above 
the temperature which is optimal for liquid scintillation assay. Davidson’ has 
overcome the latter difficulty by adding two other ethers to dioxane. The 
additional ethers, anisole and 1,2-dimethoxyethane, serve to depress the freezing 
point while maintaining counting efficiency. 

Our objective was to develop a system requiring minimal preparation of 
plasma and urine samples obtained after administration of C**-labeled histamine 
to human beings. A high degree of sensitivity was required in order to allow 


the administration of amounts of histamine small enough to approach physio- 


logic conditions. The purpose of this report is to present our findings regarding 


the use of the above-mentioned methods in satisfying these requirements. 


MATERIALS AND METHODS 


Histamine-C14 Dihydrochloride.*—This material was dissolved in 0.9 per cent NaCl 
and 0.2 per cent glucose to a concentration of 0.85 mg. per millilitert and stored at —20° 
C, Chemical analysis of this stock solution several times in the course of a year showed no 
change in histamine concentration. Periodically, aliquots were diluted with 0.9 per cent 
NaCl to appropriate concentrations, and passed through Seitz filters into sterile vials. 

Since histamine is strongly adsorbed by cellulose, the Seitz filtration removed a certain 
amount of histamine from the saline solutions. Seitz filtration of solutions of histamine in 
water showed far greater adsorptive losses. It was obviously necessary to repeat the assay 


of all solutions after filtration. 


Scintillation Assay.—Samples were placed in serew-top glass vials} and counted with 
a Packard Tri-Carb liquid scintillation spectrometer. Handling of the glass vials was kept 
to a minimum, and they were wiped carefully before counting. Photoactivation of the glass 
vials producing spurious counts was occasionally detected5; this necessitated storage of such 


samples in the dark for 6 to 12 hours before counting. 


The temperature of the sample chamber, photomultiplier tubes, and preamplifiers was 
maintained at 0° C. The high voltage applied to the photomultiplier tubes was selected to 
provide the highest ratio of the square of the sample count to the background count for 
the particular solvent system in use. Discriminator controls were set to count a ‘‘window”’ 
of pulse energies from 10 to 70 volts, thereby decreasing background counts and minimizing 


the effects of minor shifts of the pulse energy spectrum. 


\ background count was obtained over a 30-minute period twice daily. Samples con 
taining more than 70 disintegrations per minute (d.p.m.) were counted long enough to 
provide an accuracy of + 5 per cent at the 0.9 confidence limit. Samples with less than 
70 d.p.m. were counted for one hour. The statistical limits were obtained from the nomo 


grams of Jarrett.* 


*Obtained from Nuclear Chicago Corporation, Chicago 10, Ill, labeled in the 2 position 
of the imidazole ring. . The manufacturer’s assay was 4.75 me. per millimole of histamine 
dihydrochloride Assay in our laboratory by chemical determination of histamine content,’ 
combined with gas-flow Geiger counting (following conversion to BaCOs;), revealed a specific 
activity of 4.52 me. per millimole of histamine dihydrochloride. Purity was confirmed by paper 
chromatography 

tAll references to histamine concentration are in terms of the base unless otherwise 
stated 

tWheaton Glass Co., Millville, N. J. These vials were made with low-potassium glass 
and the plastic caps were lined with polyethylene. 

§Packard: Instrument Company, La Grange, Ill. Photomultiplier “noise’’ due to thermi- 
onic emission was reduced to a minimum by cooling, by utilizing two photomultiplier tubes and 
a coincidence circuit (so that photons must strike both photomultiplier tube faces at nearly 
the same time to be counted), and by the use of discriminator circuits which could be set 
to reject those pulse energies most likely due to thermionic emission 
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Preparation of Protein-Free Plasma Extracts.—Venous blood was obtained in tubes 
containing a balanced oxalate anticoagulant. The red cells were separated by centrifugation 
and the plasma deproteinized by the addition of 0.20 volume of 30 per cent trichloroacetic 
acid (TCA). The supernatant solution, which contained all the radioactivity, was then 
buffered by the addition of 0.10 volume of 4 M sodium acetate. 


Gel Suspension Counting.—It was hoped that water droplets might be suspended in a 
gel, thus circumventing the problems of sample solubility. Twenty-five grams of glyceryl 
tri-12-hydroxystearin (Thixcin*) was dissolved in 100 ml. toluene containing 0.7 Gm. 
diphenyloxazole (PPOt) and 0.05 Gm. 1,4-di-(5-phenyloxazolyl) benzene (POPOPt) as scin- 
tillation phosphors. These ingredients were mixed in a Waring Blendor at low speed for 
one hour. Water droplets in the gel remained liquid at 0° C., but were frozen at —15° C. 
Samples were prepared with water, urine, and protein-free plasma extracts. Suspensions of 
sample varied from 0.1 to 2 ml. in 20 ml. of the gel. A scintillation counter setting of 


1,000 volts was used for the photomultiplier tubes in assaying these suspensions. 


Polyether 611.—This mixture of ethers was developed by Davidson as a solvent for 
assaying labeled purines and pyrimidines.5 The solvent contained 6 parts p-dioxane, 1 part 
anisole, and 1 part 1,2-dimethoxyethane. To this were added, as scintillation solutes, 1.2 Gm. 
per 100 ml. PPO and 0.04 Gm. per 100 ml. POPOP. It has been suggested that all 3 
solvents be specially purified in order to improve the counting efficiency.5 We found that 
the dioxane needed purification, but reagent grades of anisole and 1,2-dimethoxyethane were 
adequate without further preparation.{ Purification’, 1° of dioxane increased the counting 
efficiency of standard histamine-C14 solutions from 30 to 57 per cent. 

Eight milliliters of polyether 611 dissolved 2 ml. of water or ethylene glycol, but 
would not dissolve an equal amount of urine, protein-free plasma extract, or physiologic 
saline. Accordingly, each plasma extract was diluted fourfold with water and 1 ml. of this 
solution was added to 8 ml. of the polyether 611 in a counting vial. Urine was diluted 
tenfold with water and 1 ml. of the diluted urine dissolved in 8 ml. of polyether 611. A 
scintillation counter setting of 1,080 volts en the photomultiplier tubes was found to be most 


efficient for these assays. 


Internal Standards.—Due to the variations induced by quenching of phosphorescence by 
certain sample solutions, internal standards are commonly used in liquid scintillation count 
ing.11 For such use, we prepared a standard solution of histamine-C14 in 0.9 per cent Nacl 
which initially contained 1 yg per milliliter. One-tenth milliliter of this solution plus 
0.8 ml. of polyether 611 were added to each previously counted sample, and the total sample 
was reassayed immediately. Just before its use as an internal standard, each standard 


solution was reassayed. 


RESULTS 
Gel Suspension.—When an aqueous sample was shaken in the thixotropic 
gel, a generalized dispersion of small droplets occurred. Over a period of hours 


the droplets gradually coalesced and settled. These droplets varied considerably 


in size. More vigorous or prolonged shaking usually resulted in smaller droplets 
and higher counting efficiency. The counting rates obtained, however, varied 
unpredictably with as much as 100 per cent error. Careful control of the force 
and duration of shaking in making the suspension as well as the length of 
standing before counting failed to eliminate this difficulty. The counting 

*Baker Castor Oil Company, New York, N. Y. This substance dissolved in toluene forms 
a thixotropic gel which is stable between pH 3 and 10. 


fPilot Chemicals Corporation, Waltham, Mass 


TAll 3 reagents were obtained from Distillation Products Industries, Eastman Organic 
Chemicals, Rochester 3, N. Y. 
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efficiency of this method varied inversely with the amount of water suspended. 
A maximum efficiency of 50 per cent was obtained with 0.1 ml. of aqueous 


sample suspended in 20 ml. of gel. 
Polyether 611. 


Standard solutions: When standard solutions of histamine-C™ in saline 
were placed in the counting vials with the scintillation solution, the efficiency 
of the counting method was 58.6 per cent. 

The counting rate of more dilute solutions was less than the expected value 
for the amount of radioactive material present (Table I). The same phenome- 
non was more pronounced when similar solutions were not counted immediately 
(Table I1). Addition of carrier histamine to the sample solution prevented the 
drop in counting rate. These findings were attributed not to changes in count- 


ing efficiency, but to the adsorption of histamine by glassware. As a result of 


this information internal standards were always reassayed just before use. 


TABLE I, Liguip SCINTILLATION ASSAY OF STANDARD SOLUTIONS OF HISTAMINE-C1l4 
UstInGc POLYETHER 611 
CALCULATED C.P.M.* OBSERVED 
HISTAMINE-C14 CALCULATED AT 58.6 % C.P.M.-BKGt 
(pg D.P.M. EFFICIENCY + 0.9 ERROR 


0.85 75,990 44,533 44.533 +110 
0.085 7,599 4,453 4,345 + 35 
0.0085 760 445 424+ 11 


*c.p.m counts per minute 

tbke background 

All samples contained the histamine-C™ in 0.1 ml. physiologic saline. This was added 
to 0.9 ml. water and 8.0 mil. polyether 611 and counted immediately The calculated disin- 
tegrations per minute (d.p.m.) were obtained by assay of the stock solution through conversion 
to BaCO; and gas-flow Geiger counting Note the loss of radioactivity in the dilute samples 


TABLE IT. CHANGE IN SCINTILLATION ASSAY OF DILUTE HISTAMINE SOLUTIONS IN WATER 


C.P.M. 
COUNTED c.P.M. 1 HOUR 
IMMEDIATELY COMMENTS AFTER ADDITION 


4,179 100 y nonradioactive 3,992 
histamine added to 
each 
4,157 1 y nonradioactive 3,015 
histamine added 
to each 
One-tenth milliliter of histamine-C™ solution plus 0.9 ml. water and 8 ml. polyether 611 
are added to each of 4 vials These were counted (column 1), and then 0.1 mil. containing 
100 y or 1 y of nonradioactive histamine was added Samples counted again after an hour 
(column 3 Note effect of carrier histamine in preventing drop in detectable radioactivity. 


Plasma and Urine Samples——There was no decrease in the counting ef- 
ficiency of plasma or urine samples with time or dilution indicating that 
adsorption to glass was not a problem with these samples. Background counts 
of urine, plasma, or saline in the polyether 611 all fell in the same range. The 
mean of 126 such counts was 23.4 counts per minute (S.D. 1.6, Range 17.1 to 


23.1). 
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At the level of synthetic histamine-C™ specific activity available to us 
(4.52 me./mM), the sensitivity of the assay was such that C™ equivalent to 
0.3 »g of histamine per 100 ml. of plasma could be detected with less than 5 
per cent error (0.9 confidence limit) with one hour’s counting. As seen in 
Table III, the counting efficiency of the plasma solutions was the same as the 
counting efficiency of a standard solution, that is, there was no ‘‘quenching”’ 


by any TC A-soluble components. Much of the plasma radioactivity represented 


metabolites of histamine. The sensitivity for detection of specific histamine 
radioactivity could be increased greatly by preliminary concentration and ex- 
traction of as much as 10 ml. of plasma with the method developed by Lowry 
and associates for the chemical assay of histamine,’ combined with radioactive 
assay of the final extract (0.05 ml. in 2 N HCl). The amount of plasma radio- 
activity analyzed could thus be increased fortyfold, with a corresponding 
increase in the sensitivity of histamine-C™ detection to 0.0075 yg of base per 
100 ml. plasma. 


TABLE III. Raproactivity or PLASMA ExTRACTS FOLLOWING ADMINISTRATION OF 
HISTAMINE-C14 (Supsect K. T. 


YJ OF ADMINISTERED 
C.P.M.-BKG INTERNAL C14 per 100 ML. 
-P.M. CG + 0.9 ERROR STANDARD PLASMA +0.9 ERROK 


min. 63 2: 38 9 3, 0.40 + 0.02 
min. 44 2 ‘ of S72 0.20 + 0.02 
min, 39 2: @ 3.76 0.15 + 0.02 
min. 40) pd. : ; 3,75$ 0.16 + 0.02 
min. 38 2: : F 3,66 0.14 +0.02 
24 hr. 28 2: : is 3,775 0.03 + 0.01 
All samples were counted for 1 hour. Subject was give ug histamine-C™ intrave- 
nously and plasma collected at the indicated intervals. Assay of the solution used for the in- 
ternal standard was 6,382 d.p.m. in 0.1 ml 


TABLE IV. Urtnary Rapioactiviry FOLLOWING ADMINISTRATION OF HLISTAMINE-C14 
(Sussect K. T. 


% OF ADMINIS- 
TERED C14 
RECOVERED IN 
COUNTING TOTAL URINE 
SAMPLE . TIME C.P.M.-BKG INTERNAI SAMPLE * 0.9 
( HR. ) (ML. -P.M.| ( MIN.) * 0.9 ERROR STANDARD EFFICIENCY ERROR 


5 


10 1,355 + 19 
30 508 + 7 
30 147+ 4 
30 115 3.6 
30 87 3.2 

30 21 2.1 3,273 49.9 % 


30 


8 04 


.o7 
.o4 
19 
28 
.64 


Ut we bo oS SS 
bo 


2.48 
45 


10 
3.43 


Orde Cror 
> ce) 
S.9.\5 

. as 
i+ |+ 1+ [+ 1+ 1+ 


x 
“ 
aw a ANS 


Total 83.37 + 2.16 
Subject was given 95 we histamine-C™. Assay of the solution used for the internal stand- 
ard was 6,562 d.p.m. in 0.1 ml Background 24 ¢.p.m 
Urine samples could be assayed with a maximum efficiency of approximately 
55 per cent. The sensitivity was such that C'™ equivalent to 0.008 yg of hista- 
mine base could be detected in 1 ml. of urine with less than 5 per cent error 
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at the 0.9 confidence limit when counted for one hour. Variations in efficiency 
were ordinarily slight, but sufficiently important to require internal standard 
verification (Table IV). These variations were due to the quenching effects 
of colored materials and salts in the urine samples. Several urine specimens 
obtained from patients with advanced liver or kidney disease reduced the count- 
ing efficiency to as little as 20 per cent. In a few highly colored or acidic 
samples where the counting efficiency was less than 20 per cent, accurate results 
could not be obtained with the internal standard technique. Further dilution 


tion. The results of the assays done in normal and diseased subjects will be 
published elsewhere. 

Other problems due to quenching occurred when concentrated methanol 
extracts of dried urine were prepared for chromatography and, in addition, 
were assayed in the liquid scintillation counter. The dark-colored material, al- 
though relatively salt-free, often produced severe quenching when added to the 
scintillation solution. Illustrative examples are shown in Table V. 


TABLE V. Errictency or Liguip SCINTILLATION ASSAY FOR SELECTED SAMPLES OBTAINED 
FrRoM METHANOL Extracts or Drirep URINE 


ASSAY OF 

VOL. OF INTERNAI STANDARD 

EXTRACT .P.M. STANDARD p.P.M./0.1 D.P.M. IN 
SAMPLI ML. P.M. C.P.M.) ML. EFFICIENCY THE EXTRACT 


3,773 7,42 50.8 % 
7,1 


5,716 1,966 7 27.4 % 


One-tenth milliliter of methanol extract was added to 8.0 ml. of polyether 611 with 0.9 
ml. water Background 22 «p.m 


DISCUSSION 


The droplet suspension of aqueous samples in a thixotropie gel proved to 
be an unreliable method for C'™ assay. This unreliability was due to an un- 
controllable variation in the self-absorption of radiation, counting geometry, 
and light seattering of the sample. An additional disadvantage this method 
shared with all methods of nonhomogenous counting was the difficulty in utilizing 
an internal standard. 

The use of polyether 611 provided a suecessful method for assay of the 
urine and plasma samples, although the volume of sample which could be 
counted was relatively small. This limitation in volume appeared to be due 
primarily to the presence of inorganie salts in the sampled fluids, so that 
dilution with water was required. Tertiary liquid mixtures of urine, protein- 
free plasma, or 0.9 per cent NaCl with ethanol or methanol and toluene were 
entirely unsuccessful for the same reason. Thus, one advantage of liquid 
scintillation techniques, namely, utilization of fairly large volumes of sample, 
is insignificant for assaying aqueous biologie solutions. 

Despite the problems of solubility, the sensitivity of the method was still 
sufficient to permit detection of radioactivity equivalent to 0.3 ng histamine base 
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per 100 ml. plasma and 8 yg per liter of urine, without requiring special pro- 
cedures for sample preparation. 

Extraction and concentration procedures, which would remove other com- 
ponents of plasma or urine from the substances of interest, should increase 
sensitivity as well as specificity. For example, prior concentration of plasma 
extracts on cation exchange columns provided a method by which histamine-C™ 
could be detected at the extremely low concentration of 0.0075 pg per 100 ml. 
plasma. 

The use of internal standards was required for assaying urine samples 
because of varying degrees of quenching (Tables IV and V). Preparation of 
such internal standards required careful attention to solubility characteristies 
and adsorption of histamine-C'™ by Seitz filters and glassware. It was neces- 
sary to reassay the solutions prior to use. Additions of carrier histamine 
greatly lessened this problem. 


Although these studies involved the measurement of labeled histamine and 


histamine metabolites only, we believe the techniques should be generally ap- 


plicable for low-energy beta assay of labeled compounds in biologie fluids when 
specific extraction procedures are not practicable. 


SUMMARY 
Techniques of liquid scintillation assay of carbon'* have been evaluated for 
the measurement of plasma and urinary radioactivity, following the adminis- 
tration of histamine-C'™ to human beings. The only practicable method con- 
sisted of the incorporation of water-soluble material into a mixture of p-dioxane, 
anisole, and 1,2-dimethoxyethane (polyether 611), which also contained two 
standard scintillation phosphors. Problems of solubility necessitated the dilu- 
tion of all samples with water, thus reducing the amount of sample which could 
be assayed. Other advantages of liquid scintillation assay, such as ease of 
sample preparation and high counting efficiency (58.6 per cent), made this 
approach worthwhile. Radioactivity equivalent to 0.3 pg histamine base per 
100 ml. plasma or 8 pg per liter of urine could be reliably detected, The 
variable tendency of urine samples to quench scintillation necessitated the 
addition of an internal standard to each sample in order to establish counting 

efficiency. 
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THE PRESERVATION OF TYPING SERA AT ROOM TEMPERATURE 
WITH A FIVE PER CENT AQUEOUS SOLUTION OF PHENOL 
VICTORINO DE LA FUENTE, M.D. 

MANILA, PHILIPPINES 


¥ AREAS where the supply of electricity is searee, and hospital and blood 
bank facilities are not easily available, there is obviously a need for typing 
sera which can withstand deterioration and loss of agglutinating power at room 
temperature for a certain length of time. Such sera can be stored in the 
physician’s bag, and typing of the patient and prospective donors can be done 
conveniently at the bedside. If transfusion sets for both donor and recipient 
are at hand, transfusion may be administered in the home of the patient. 

Among the preservatives tried, we have found that a 5 per cent aqueous 
solution of phenol added to the serum in the proportion of 1 part of the pre- 
servative to 10 parts of the serum to be the most effective. The state of 
preservation lasts for four months without noticeable loss of the initial agglu- 
tinative potency. In addition, the tendeney of the red cells to form rouleaux 
during the test is considerably reduced so that blood typing ean be finished with- 
out the aid of a magnifying lens. 


MATERIALS AND METHODS 


Materials—1. Separate samples of type A and type B blood from which the anti-B 
and the anti-A sera, respectively, are prepared. 


A 5 per cent aqueous solution of phenol, C.P. 


° 
2 
o. 


Type A and type B red cells from donors other than those supplying the sera 
Three to 5 drops of blood from a finger-tip wound is placed in a shallow container, such 
as an empty penicillin vial which is clean and dry. Anticoagulant and normal saline 
solution are not required. The blood is allowed to clot and the free red cells are used, 

4. Coloring solutions, We are using methylene blue, and orange G (National Aniline 
Division) dissolved to saturation in a 5 per cent aqueous solution of phenol. 

6. Ordinary laboratory equipment. Only those instruments to be used for with 
drawing blood need be sterile. 


Methods.—The following procedure has been found to be the simplest and the one 
which yields the most consistent results. 

1. Withdraw the previously typed blood from the vein, and allow it to clot in a 
dry container. 

2. Separate the liquid portion from the coagulum and centrifugalize to rid the former 
completely of red cells. 

3. Place and measure the amount of serum in a graduated eylinder. 

4. Caleulate and add the required amount of the phenol solution which is one-tenth 
of the volume of the serum. The addition is done drop by drop, stirring the solution 
after each drop to dissipate the cloudiness formed. 


From the Hematology Section, Department of Medicine, University of Santo Tomas, 
Clinica Singian, Manila, Philippines 
Received for publication Feb. 13, 1959 
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5. Recheck the identity of the isoagglutinin content of the serum with known A 
and B cells, 
6. Determine the agglutinative potency of the serum by counting the number of 


seconds elapsing from the moment when a drop of serum is mixed with a drop of the 


rglutination becomes macroscopically evident. We 


£ 
y 


opposing cells to the moment when a 
have arbitrarily set the initial potency of 15 seconds as the standard of acceptance. Sera 
with weaker initial potency are rejected. Because too few or too many red cells may 
rlutinates, it is preferable at the start of the test 


ore 


delay the early recognition of the a 
to place the drops of serum and red cells side by side on the slide without touching each 
other. Then, sufficient amount of red cells to form a cloudy suspension is brought to the se 
rum by the blunt tip of a toothpick. The mixing is continued till clumped particles are un 
nistakably visible. 

7. Add the coloring solution to the desired intensity, blue for the anti-A, and orange 
for the anti-B in accordance with usage. 

8. Centrifugalize the resulting solution to free it of precipitated matter, store in a 
convenient container, and label. The serum is then ready for use. 

In several instances, one encounters a fresh serum which causes the red cells to 
group into big rouleaux whieh are macroscopically difficult to distinguish from agglu 
tinates. To avoid possible confusion, the phenol solution should be added first, before the 


identity of the isoagglutinins is rechecked, 
RESULTS AND DISCUSSION 


To test the dependability of the sera prepared with the method deseribed 
above, samples are included among the permanent contents of our medical 
kit. They are being used by us and our students almost daily. So far more 
than one thousand individuals have already been typed. No special precau- 
tion has been taken in handling them. 

The sera are found to be as reliable as those marketed by government- 
licensed laboratories in the United States from where most of the typing sera 
used in the Philippines come. They remain unspoiled at ordinary temperature 
which in Manila and its suburbs may rise to 35° C. during the months of May 
and June, They retain their initial poteney for four months. After this period, 
there is a gradual decline of strength. Although they ean still be used, the time 
limit for reading the final result should be extended accordingly. 

The preservative not only prevents deterioration and loss of poteney, but 
also forestalls the formation of red cells during typing into big rouleaux. No 
difficulty is thus met even by beginners in recognizing agglutination with the 
naked eve. 

A more direct method of measuring the poteney of the sera is adopted and 
preferred to the cumbersome titration. It enables the examiner to test, and 


keeps him always aware of, the strength of his sera as he uses them. 


SUMMARY 
1. A method of preserving typing sera with 5 per eent aqueous solution of 
phenol has been deseribed. Sera prepared thus keep their initial poteney for 4 
months without refrigeration and, by preventing the formation of rouleaux, 
facilitate reading of the result without magnifying lens. 
2. Physicians practicing in communities where electricity and blood bank 
facilities are absent may find this kind of sera of great service to them. 





INACTIVATION OF COOMBS REAGENT 


T. A. Harper, M.B.* 
YORKSHIRE, ENGLAND 


TRICT avoidance of contamination of the Coombs reagent with serum when 

performing the Coombs test is of the utmost importance in order to avoid 
a false negative result. According to Boorman and Dodd,' one part of globulin 
in several thousand parts of saline would diminish the activity of the anti- 
human-globulin serum. Mollison® states that one drop of serum diluted 1:5,000 
to 1:10,000 will inhibit the reaction of weakly sensitized red cells with a drop 
of diluted antihuman-globulin serum. To simulate insufficient washing of red 
cells, Dunsford, Cowen, and Malone* added twofold dilutions of AB serum to 


washed sensitized Rh positive red cells and then added the Coombs reagent; to 


simulate traces of human serum on the walls of the Coombs pipette, they added 


twofold dilutions of AB serum to the Coombs reagent and then washed sensi- 
tized Rh positive red cells. In both cases they found that one drop of a 1:400 
dilution of AB serum (i.e., 0.0001 ml.) was sufficient to inactivate one drop 
(0.04 ml.) of the Coombs reagent. 

The sources of contamination of the Coombs reagent are (1) the saline 
remaining trapped among the red cells after the third wash (if the red cells are 
not washed efficiently), (2) the saline used for washing and resuspending the 
red cells, and (3) the pipette used for transferring the washed red cells and 
Coombs reagent to the tile. Consequent to this the following steps are recom- 
mended: (1) the supernatant serum after the incubation period in the indireet 
Coombs test should be discarded before the red cells are washed; (2) the red 
cells must be washed 3 times with large volumes of clean saline—at least 100 
times their own volume'—and resuspended in clean saline; (3) the clean saline 
must be obtained from a source which is unlikely to be contaminated with serum, 
i.e., from a plastic wash bottle filled directly from the stock saline or from a 
special beaker which is used only for the Coombs test ; and (4) a special pipette 
must be used for transferring the red cell suspension and Coombs reagent to 
the tile. 

In hospital laboratories the indirect Coombs test is very frequently per- 
formed as a Coombs compatibility test. Because of the tediousness of the test, 
especially the repeated centrifuging of the red cells, short cuts may be taken 
and false negative results obtained with low-titer antibodies. 


From the Group Pathology Laboratory of the City General Hospital, Sheffield 5, Yorkshire, 
England 


Received for publication Feb. 13, 1959. 
*Present address Assistant Pathologist, Wythenshawe Hospital, Manchester, Lancashire, 
England 


497 





HARPER J. Lab. & Clin. Med 


September, 1959 


The purpose of the present investigation is to re-examine the importance 
of the above-recommended procedures by noting the effect on the detection of 
weak antibodies if any one of the above is omitted. 


MATERIALS AND METHODS 


Procedures.—A preliminary investigation was carried out in the following manner. 

1. The indireet Coombs test was performed in duplicate on Rh D positive red cells 
using incomplete anti-D serum. After incubation at 37° C. for 14% hours, the supernatant 
serum of one test only was removed. The red cells of each test were resuspended in a large 
volume of clean saline, centrifuged, and the supernatant saline poured off into separate clean 
tubes. The red cells of each test were washed a total of 5 times in a similar fashion, the 
supernatants in each case being saved. 

2. Pipette saline. Clean saline from the stock bottle was poured into a clean tube 
and one of the pipettes that is in normal everyday use in the blood bank was rinsed out 
very thoroughly in this saline. 

3. Beaker saline. A sufficient amount of the saline remaining in a beaker after half to 
three-quarters had been disearded when rinsing out the pipettes used in grouping and com 
patibility tests was poured into a clean tube. The 10 tubes of step 1 and the tubes of steps 
2 and 3 were centrifuged to romove all traces of red cells, Double dilutions of the anti-D 
serum were made commencing at 1:800, Two-tenths milliliter of 25 per cent sulfosalicylic 
acid was then added to 2 ml. amounts of the saline from each of the 12 tubes, and from 
the anti-D serum dilutions. The resulting turbidities were measured in a spectrophotometer 


at 500 mg. The results are indicated in Table TI. 


TABLE I. PRELIMINARY INVESTIGATION: TURBIDITIES OF VARIOUS PROTEIN SOLUTIONS 


SPECTROPHOTOMETRIC READINGS x 100 
EXPERIMENT TEST 1 TEST TI SERUM DILUTIONS 

First wash saline Not done Not done :SO0 
Second wash saline 2.0 6.75 71,600 
Third wash saline 25 +.0 23,200 
Fourth wash saline 75 3.25 76,400 
Fifth wash saline i 1.75 212,800 

:25,600 


— Pom 30 
ooo 


Pipette saline 
senker saline 


The importance of removing the serum prior to washing the red cells in the indirect 
Coombs test was not examined further, but the third wash saline, in conjunction with the 
other problems, was investigated more thoroughly as shown below. 

Reagents. 

Red cell suspensions: Group O Rh D positive red cells were used as a 50 per cent sus 


pension, 


Anti-D serum: Incomplete anti-D serum was used undiluted and in the following dilu 


tions: 1:32, 1:64, 1:128 and 1:256. 


Coombs reagent: The antihuman-globulin serum was used at its optimal dilution for 
the first 5 groups of sensitized cells. 

For the sixth group a small volume of this Coombs reagent was used to rinse out a 
pipette which had been in everyday use for grouping and compatibility tests in the blood 
bank. 

Beaker saline and pipette saline: Beaker and pipette saline solutions were obtained as 


described prey iously. 


Third wash saline: This was obtained as follows: 2 volumes of the red cell suspen 


sion were added to 4 volumes of the undiluted antiserum and incubated at 37° C. for 1% 
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hours. The supernatant serum was then removed, the cells resuspended in a large volume of 
clean saline, and centrifuged. The supernatant saline was poured off and the washing re 
peated twice more. The third wash saline was poured into a tube, centrifuged, and saved. 

Methods.—Two volumes of red cell suspensions were added to 4 volumes of the various 
serum dilutions in tubes (9 em. long and 0.8 em. in diameter) and incubated at 37° C, for 
1% hours. This was carried out in sextuplicate. The supernatant sera of the 24 tubes were 
then discarded and the cells washed 5 times, the supernatant saline of each tube after each 
wash being removed as completely as possible by means of a pipette attached to a water 
suction pump. 

The cells in each group of 4 tubes were resuspended in (1) clean saline, (2) third 
wash saline, (3) beaker saline, (4) pipette saline, (5) a mixture of equal parts of third 
wash saline, beaker saline, and pipette saline and, (6) clean saline. 

The Coombs reaction was then carried out on the 6 groups of sensitized cells using 
the two samples of Coombs reagent as indicated previously. Separate unused pipettes were 
employed for transferring the sensitized red cells from each tube and the Coombs reagents 
to the tile. 

The scoring of the results was as follows: —ve, no agglutination; +, just detectable 
granularity; +, uniform and easily visible granularity; ++, granularity with moderate-sized 
clumps. The results are indicated in Table IT. 


TABLE II. Errects or THIRD WASH SALINE, BEAKER SALINE, ETc., ON THE DETECTION 
WEAK ANTIBODIES IN THE CoOMBS TEST 


ANTISERUM DILUTIONS 
EX PERIMENT Hy 1:64 1:128 

1. Clean saline 
2. Third wash saline 
3. Beaker saline 
+. Pipette saline 
5. Mixture of 2, 3, and 4 
6.’ Clean saline. Pipette rinsed in 

Coombs reagent 


DISCUSSION 


Removal of the supernatant serum after the incubation period and the 


complete removal of the supernatant saline after each wash with resuspension 
of the red cells in clean saline is obviously the ideal method, in addition to the 


3 washings with large volumes of saline, for the complete removal of all traces 
of serum or at least extreme dilution. However, removal of the supernatant 
serum may be omitted by some workers because of the belief that, as the red 
cells are washed in large volumes of saline, this step is not very important. For 
the same season the supernatant saline after each wash may just be poured off 
instead of being completely removed and consequently the red cell resuspension 
after the third wash is made in the small amount of saline remaining and not 
in fresh clean saline. If the supernatant serum is not removed prior to wash- 
ing then obviously the supernatant saline after each wash should be completely 
removed if the red cells are to be washed efficiently. Pouring off the superna- 
tant saline after each wash is the least efficient of methods for removing the 
supernatant saline when washing red cells, and, if not preceeded by removal of 
the supernatant serum, sufficient serum may remain to inactivate the Coombs 


reagent. 
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In the indireet Coombs test the importance of removing the supernatant 
serum after the incubation period and the adequacy of 3 washings of the sensi- 
tized red cells, especially when combined with the former, is shown by the fact 
that the quantity of protein remaining in the third wash saline is so dilute 
(Table 1) that it would not interfere with the detection of low-titer antibodies, 
even if the supernatant saline after each wash is poured away instead of being 
completely removed (Table IT). 

Beaker saline becomes increasingly contaminated with serum from the 
pipettes in everyday use. The experiments show that the concentration may 
become sufficient to cause a false negative result in the Coombs test with low- 
titer antibodies. 

Inactivation of the Coombs reagent by traces of protein on the wall of the 
pipette appears to be unfounded. The amount of protein is so little that, 
even when a very small volume of the Coombs reagent is used to rinse out the 
pipette, this Coombs reagent is found to be as sensitive as the original in detect- 
ing the lowest titer of the antibody. Although the pipette itself is not inecrimi- 


nated, it may still be responsible for false negative results with weak antibodies 


(1) if it is not thoroughly rinsed out as a routine procedure when in everyday 
use, or (2) if some beaker saline is inadvertently left inside it when it is used 
for the Coombs reaction. 

The experiments described here confirm the original recommendations. 
The conclusion to be drawn is that under no cireumstances should these pro- 
cedures be omitted if low-titer antibodies are to be detected. 


SUMMARY 


The importance of the following procedures in the direet and indirect 
Coombs test is reinvestigated: (1) removal of the supernatant serum after the 
incubation period, (2) washing of the red cells 3 times in large volumes of clean 
saline, and (3) use of a separate beaker and pipette, the Coombs beaker and 
pipette, containing clean saline for the Coombs reaction. 

The results of the experiments carried out confirm that they are important 
and should not be omitted if false negative results with low-titer antibodies 
are to be avoided. 
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phosphorus-32 b. Special forms; e.g., solu- 
deuterium tions for injection, crystal- 
tritium line solids. 


ec. High, low, or standard 
specific activity. 


Unconditional Quality Guarantee. 
Write for our new comprehensive 24-page catalog. 
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} 5411 North Clark Street, Chicago 40, Ill. 
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X-L FEMALE FROG PREGNANCY TEST 


Highest Year-Round Accuracy— 
Economy—S peed 
SUGGESTED $15. TRIAL ORDER 
2 X-L female frogs (each frog may be used 
repeatedly for years) 
1—6-inch Isolation Jar 
Reagents for 100 tests 
Complete instructions included. 
Safe delivery guaranteed. 


JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 








LABO RATO RY Albing yl, Strain 


ANIMALS Aine NZ Rebun 
aes > ALBINO FARMS 


* * stainless steel watering tubes for P. 0. Box 331 
since 1929 laboratory animals BENT or STRAIGHT RED BANK, NEW JERSEY 
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Sees, CHERRY HILL FARMS 


P.O. BOX 840, CAMDEN I, N. J. 


WHITE MICE GUINEA PIGS RABBITS 


Swiss-Webster Cross—Very Docile Mouse 
Send for price list. References furnished on request. 


J. E. STOCKER + Ramsey, N. J. + Phone: DAvis 7-1064 














Live Male Rana Pipien Frogs, Direct from the Farm 
Be sure of year round supply, at lowest prices and fastest service available. Orders delivered within 36 
hours after we receive them. 
Male Rana Clamitan Frogs and Buffo Americanus Toads available during summer months. 
Male Buffo Marinus Toads available, the year around. 
Animals guaranteed free of disease and to arrive in perfect condition. 


Laboratory Manual 85 pases with illustrations. A system of pregnancy testing using Male Toads and 
Frogs, by Edward H. Hon, M.D., of Yale University. 


Also reagents used in conducting pregnancy tests. 
For information and prices, Phone or write: 


J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 
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LIVE FROGS for PREGNANCY DIAGNOSIS 


Year ’round supply of selected large, healthy, male frogs for latest pregnancy 
test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly. Results in less than two hours, Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 

Frogs. With complete directions for use and care. Dozen ____§$ 7.50 

Laboratory Tank with Cover 

Isolation Jar, 5” x 7” with weighted metal cover 

Frog pregnancy test kit, complete, 14 items including 

12 live frogs — shcistendetiniiainiatiaientaiisetttapeen 35.00 


Rana pipiens Est. SS 1919 
NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1, N.Y. 


Headquarters for Live Frogs 





























HAMILTON LABORATORY ANIMALS, INC. 


Specialist in breeding of HLA Albino Rats and HLA Albino Swiss Mice. 
Prompt and efficient service. Dependable animals. 


7120 Pippin Road, Cincinnati 39, Ohio 








If you use CASTRATE RATS in your research and LEIMET BIO-FARMS 
the rats come from any of the Madison sources, oe 4, rent 
write for information about our CASTRATE CHerry 9°4515 


SERVICE. We can save you time and money. GUINEA PIGS 








RABBITS GUINEA PIGS 
Developed and housed to insure best results in all types of tests 
Continuous supply and prompt shipment FOB Indianapolis 
PAUL HAMM RABBITRY R.R.No. 4 TUcker 1-2188 Greenwood, Ind. 








TACONIC FARMS, Ine. 


Germantown, New York 
SWISS MICE Booklet Sent on Request 
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RATS ¢ © MICE 
GUINEA PIGS ¢ © RABBITS 
Clean, Ventilated up to date Buildings- 
Industrial Washing Machine, Steam 
Sterilizer - Regular Testing of Stock 
for Detection of Disease. 


IABORATORY ANIMALS ea fr och 
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Fast Service. All orders shipped via air same day 
FROGS received. Live delivery guaranteed. 


Write for handbook giving full information 


Special Males for Pregnancy ak als dial ‘ ee 
ed Pre-operatine Dunne E.G. STEINHILBER & CO., INC. 


102 Josslyn Avenue (Est. 1922) Oshkosh, Wis. 














Male Frogs for Pregnancy Tests 


One dozen $3.50, or $3.00 per dozen for 2 dozen or more. Mealworms (food), thousand 
$3.35. Postage extra. Frog Bulletin and Scientific Supply Catalog on request. 


QUIVIRA a co. 
4204 W. 2ist Street ot -t- 





Topeka 32, Kansas 











DAN ROLFSMEYER CO. 
ALBINO RATS SWISS (ALBINO) MICE 


Price List on Request 





Route 3, Syene Road, Madison 5, Wis. PHONE ALpine 6-6149 
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HELP US AGEL 
THE THINGS 
WORTH KEEPING 


It’s good to be a boy, explor- 
ing the wide world, soaking 
up wonderful new sounds and 
sights everywhere you go. 
And if the world’s a peaceful 
place, it’s good to grow up, 
too, and become a man. 

But will the world stay 
peaceful? That depends on 
whether we can keep the 
peace. Peace costs money. 

Money for strength to keep 
the peace. Money for science 
and education to help make 
peace lasting. And money 
saved by individuals to help 
keep our economy strong. 

Your Savings Bonds, as a 
direct investment in your 
country, make you a Partner 
in strengthening America’s 
Peace Power. 

The Bonds you buy will 
earn good interest for you. 
But the most important thing 
they earn is peace. 

Think it over. Are you buy- 
ing as many as you might? 


HELP STRENGTHEN AMERICA’S PEACE POWER 


BUY U.S. SAVINGS BONDS 


OA . , , ~~ 
The U S. Government does not pay for this advertising. The Treasury Department thanks * at 
The Advertising Council and this magazine for their patriotic donation. ? , 
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FOR MEN AND WOMEN! 
A 
WORTHWHILE 
4 — 
f 


LABORATORY 
TECHNIQUE 


THE GRADWOHL SCHOOL OF LABORA- 

TORY TECHNIQUE is an ethical school, 
y comp ethical physicians and 

technologists and enjoys a high rating among Your pa ’s Uncle Nate 

the medical profession . . . Graduates placed ‘ . . - ; 

in desirable positions since 1920. Gradwohl when he tilled his own soil 

graduates are recognized as expert techni- 

cians. 

Course includes—Clinical Microscopy; Hema- 

tology and Blood Grouping; Serology; Ap- 

plied Bacteriology; Basal Metabolism; Blood 

Chemistry; Electrocardiograpby; Parasitology; 

Tissue Cutting and Staining. 

ENROLL NOW for priority. 

month course; 6-month _intern- 

ship Classes begin Jan., March, 

June, July, Sept., Oct. 


39th Successful Year 


a) 
SCHOOL OF 
aicaiteen Yoked his wife to the plow 


Stanley Reitman, M.D., Medical Director twas a life of great toil. 
3514 LUCAS AVE. ST. LOUIS 3, MO. 

















FOR CLINICAL LABORATORIES 
s CATECHOLAMIES 
® HORMONE ASSAYS 
s TOXICOLOGY 
® EL ECTROP HORESIS . , 
= ENZYME Quite as archaic 
AND LIPID CHEMISTRY in a world that 1s new 
® PORPHYRINS AND PBI 
AIR MAIL SERVICE 
Information, free schedules and mailing containers upon request 


CLINICAL LABORATORY 


OF LAS VEGAS 
P.O. BOX 1227 « LAS VEGAS, NEVADA 





Is a lab without PROTROL®— 


Protrol’s timing is true 


The Laboratory Animal Section Kanicl 2 \ ° lg 


of this journal offers breeders a . 6 
ae J 2 ? 300 West 43rd Street, New York City 
majority market in which to ad- ; 
4 Here’s why PROTROL is perfect cvery pro- 
vertise their animals. Why not thrombin time... 


a Only Protrol is human 

inquire now? Journal of Labora- not_a horse-plasma. 

a a? Only Protrol is fresh 

tory and Clinical Medicine, 3207 not a synthetic-diagnostic. 

> a Only Protrol is pooled 

Washington Blvd., St. Louis 3, not a single variable plasma. 

Use famous Protrol, prothrombin control ref- 
Missouri. erence standard, for greater accuracy in all 
your prothrombin time determinations. 
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Even the best-organized clinical laboratory by day must frequently resort 

to makeshift staffing for the fewer, but more urgent tests night-time 
emergencies demand. Not least of the advantages of AutoAnalyzer automation 
is the fact that it knows.no hours. The same brisk efficiency and accuracy it 
brings to biochemical analysis during the day is equally available during the 


small hours. Any intelligent person can learn to run it without having to acquire 
chemistry skills. Serenely automatic, AutoAnalyzer demands no personal 
judgment, no subjective appraisal. The written record it yields is absolute. 
Best of all, the written record of the night’s work is reassuringly 

at hand in the morning for the pathologist himself to digest and approve. 


TECHNICON® 


fet telenee ’ 


Send for descriptive material and 
abstracts on AutoAnalyzer Metho- 
dology. Just a post-card will do. 


TZECHNICON INSTRUMENTS CORPORATION 
Chauncey ° New York 





Now 


urinalysis made easier... 


protein 
glucose 


pH 


| dip-3 test results 


COMBISTIX 


Reagent Strips 





colorimetric combination test for urinary 
protein, glucose and pH. 


CoMBISTIX rapidly “screens” the urine — just dip a single 
strip and read protein (in “plus” system or milligrams), glu- 
cose and pH answers within 10 seconds 

- colorimetric readings ELIMINATE GUESSWORK— 
three standardized color charts provided 

«no more Q.N.S. reports—only drops of urine required 

¢ no muss, no fuss, no cleanup — completely disposable 

eno false positives from turbidity interference, non-glucose 
reducing substances, drug metabolites 

CoMBISTIX utilizes a principle that enables more precise 
protein estimation, and an enzyme system specific for glucose. 
Selected indicators span the urine pH range, giving the re- 
action by pH number for more accurate reporting and as an 
aid in the identification of urinary crystals. 

When work piles up and time runs out, it’s good to know AMES 
ComBisTIx can help speed the urinalyses reliably . . . and reer 


Toronto * Canado 
without water baths, burners, filtering, or test tubes to wash. 

You'll appreciate the specificity and sensitivity of COMBISTIX ( \ 
Reagent Strips as well as the speed. 


Available: ComBist1x Reagent Strips— Bottles of 125. 





